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1.0 SUMMARY 

Beak Consultants Limited (BEAK) has completed a three year field study and modelling 
program to examine soil, phosphorus and atrazine transport from agricyltural fields in 
Southwestern Ontario. The Ontario Ministry of the Environment (MOE) contributed site 
specific field studies on the decay of atrazine and farm operator surveys of atrazine 
useage. Analytical services were provided by MOE, Rexdale and the Ontario Ministry of 
Agriculture and Food (OMAF), Pesticide Residue Laboratory, Guelph. 

The Missouri Creek Watershed, a 31 km^ agricultural watershed in Oxford County within 
the Lake Erie drainage basin, was chosen as the subject area for this study. The scope of 
the study was comprehensive and included a field monitoring program, modelling, a 
demonstration of conservation farming system analysis, and an examination of 
transport/transformation processes. 

Soil loss and hydrology were investigated as well as the migration of phosphorus and 
atrazine, a commonly used herbicide, from the Nissouri Creek Watersh^ed. This report 
discusses methods employed and results obtained in meeting the specific objectives of 
the program which include the following: 

o establish a comprehensive watershed database for examining causal 
relationships in land management, 

o examine and quantify soil, plant nutrient Cphosphorus) and pesticide (atrazine) 
transport/transformation processes in an agricultural setting, 

Q calibrate the watershed, m^odel HSPF in the 'Qntarlo agricultural environment, 

o demi'Onstrate the mfodelling appr^oach to land management., and 

o demonstrate the potential benefit of selected conservation practices. 
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The field study components include watershed instrumentation and monitoring for 
hydrology (streamflow), surface and sub-surface water quality, meteorology 
(6 parameters), soli and stream sediment characteristics, farm management practices, 
atrazine decay and atrazine use. Laboratory measurements of atrazine adsorption rates 
were also conducted. The watershed model HSPF (hydrologic simulation program - 
FORTRAN) was calibrated and verified for the prediction of runoff, soil loss, and 
phosphorus and atrazine transport from the land to the receiving waters. The results of 
calibration at several sites for these # parameters are presented. The usefulness of 
HSPF for predicting the benefit of soil conservation practices was demonstrated. 

Atrazine was selected for examination in this study because it is commonly used, it is 
relatively persistent, and it has been observed to move from treated fields to streams* 
Atrazine is currently the most commonly used herbicide in Ontario (McGee, 1984) and is 
used mainly for weed coiitrol in corn fields. It frequently persists from one season to the 
next In treated fields at typical levels of about 10% of that applied. Atrazine is a 
member of the triazine group of herbicides which were the most commonly detected 
pesticides in surface waters in Ontario from 1979 to 19i5 (from MOE monitoring 
networks data, personal communication with Dr. Lloyd Logan). 

The study area is typical of a large porti'Oni of the Southwestern Ontario farming region In 
terms of farming systems (conventional mixed cash cropping and livestock production), 
soil types (silty loams), topography Cgently rolling) and socio-economic characteristics. 
Atrazine use Is widespread for the control of annual broadleaf and grassey weeds In the 
corn fields of the Nissouri Creek Watershed. 

The Nissouri Creek Watershed was one of eleven specially selected agricultural 
water^eds studied: as part of the PLUARG program (Pollution from Land Use' Activities 
Reference Group). PLUARG provided detailed study area information including soil 
characteristics, agricultural practices, hydrology, and watercourse loadings of soil, 

nutrients and pesticides. This information was invaluable in this study as It provided 
historical perspective and some of the key modelling inputs. 

In developing a comprehensive database for the Nissouri Creek Watershed, four 
continuous automatic streamflow stations were Installed at the watershed outlet and at 
strategic headwater sites. Drainage areas monitored in this manner ranged from 1.6 to 
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31 km'^. Automatic surface water quality samplers were installed at each of these sites 
and were operated in a manner which allowed for the collection of flow proportional 
composite samples. Groundwater piezometers were installed at three depths at three 
sites for collection of groundwater quality samples and measurement of the groundwater 
levels. 

The meteorological network included one main Installation which continuoysly recorded 
six climate parameters. Parameters measured at this site included rate of rainfall, wind 
speed and direction, solar radiation, air temperature, and evaporation. In addition, two 
other recording rain gauges and five standard rain gauges were strategically located 
aroynd the watershed. 

Soil and sediment parameters were also measured at various locations In the study area. 

The field monitoring program continued from 3une i9S# until December 19S6. Thus, the 
watershed database covers two complete hydrologlc years as required for model 
calibration and verification. Several extreme runoff events and extended dry periods 
occurred during this time period and have been "captured" in the watershed data set. 
The results of field monitoring are provided in the form of summaries and time series 
files in this report. 

Land use was determined from aerial photography and ground truth Ing. In addition, the 
land owners were surveyed in 1985 and 1986 regarding their use of pesticide and crop 

selection by MOE staff. Land use and pesticide use was found to differ significantly 
from one year to the next. 

Field level studies of pesticide behaviour and persistence in the soil matrix were 
conducted on selected field plots in 1985 and 1986 by MOE. In these studies, precise 
measurements were made of pesticide application rates over a well defined field plot (10 
X 50 m). Surface and sub-surface soil samples were taken from this plot frequently and 
at regular Intervals for up to eleven months following application. The total mass of 
atrazine in the soil matrix was estimated for each sample period and subsequentiy, 
overall decay rates were determined. These decay rates were used to estimate model 
parameters which relate to pesticide dea»y and transport. Observed trends were used to 
compare with predicted trends as a form of m,odel verification. 
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HSPF is a U.S, EPA model which has been in development since the late 1950's. It began 
as the Stanford Watershed Model and has since been expanded to include a comprehensive 
list of capabilities and water quality parameters. The model is a dynamic, lumped 
parameter model which requires descriptive geo-based information on a watershed's soils, 
topography, drainage system and land use* The model requires that the subject area be 
discretized into several pervious and impervious areas which are internally homogeneous 
in all reievaot aspects. The model simulates overland runoff and chemical washoff as 
well as stream routing of flow and all simulated constituents. The model simulates the 
continuoys response of the watershed to meteorological events and conditions and 
considers the special actions of farm operators upon the movement of water, soil and 
chemicals. The model operates on a short time step (i.e., minutes to hours) over long 
periods of time (i.e*, up to several years). Structured programming allows for 
considerable input and output data management, 

HSPf- was calibrated for the Nissouri Creek Watershed with the 1913 database. 
VerificatiQn was conducted using the 1986 database. Hydrologic verification was 
successful both in terms of the simulation results for the total annual and monthly water 
balances, as well as the simulation results for individual events. Total soil loss, and 
phosphorus and atrazine transport were also successfully calibrated and verified for the 
study period. Most events and long-term simulations are within 10% of the observed 
runoff rates. 

HSPF simulation results provide some insight into the behaviour of the hydrologic cycle 
as well as the primary factors influencing soil loss and phosphorus and atrazine 
movement. Surface overland runoff was predicted to be a relatively rare event. It was 
predicted that spring snowmelt and eight major warm weather storms generated 93% of 
all surface runoff In lfS5 and 19S6. The high density of sub-surface drainage in the 
Nissouri Creek Watershed was shown to be effective in rapidly draining surface soils and 
allowing more water to pass through the sub-surface drain system. Antecedent 
conditi'Ons which determine the surface soil water content were highly Imiportant In the 
partitioning of precipitation runoff between surface and sub-surface pathways. 

Soil erosion and the washoff of soil attached phosphorus and atrazine was shown to be 
highly event based. About SD% of all soil loss and 83% and 65% of phosphorus and 
atrazine losses respectively from 1985 and 1916 were predicted to occur as a result of 
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snowmelt rynolf and the eight major storms. These accelerated runoff periods accounted 
for only 30% of all measured precipitation. 

Sub-surface flow pathways including tile drainage and groundwater runoff were shown to 
be significant pathways for phosphorus and atrazine movement as !#% of phosphorus and 
37% of atrazine were predicted to enter the watercourse in baseflow. 

Total runoff of water, soil, and phosphorus were predicted to occur predominantly during 
snowmelt periods and during wet periods in the spring and fall. These were the periods 
when most of the surface overland runoff ^^curred. Almost all of the soil and soil 
attached phosphorys moved with surface overland runoff. About 59% of the phosphorus 
losses were predicted to be sediment associated while an additional 3^% of the total 
phosphorus export was predicted to be surface washoff in a soluble form. 

Atrazine is relatively soluble in water and a large portion of the atrazine that was lost 
was predicted to pass down through the soil matrix to the tile drainage system. About 

^7% of the total atrazine export was predicted to pass into the watercourse from tile 
drains. Less than 10% of the total atrazine export was predicted to be from the 
groundwater and only 1.3% was predicted to be surface washoff in a soil attached form. 
The remaining #2% of total atrazine export was predicted to be surface washoff in a 
solyble form. These results were partially verified by stream water analysis during 
runoff events which showed that more than 95% of all atrazine was in the aqueous 
(soluble) phase. Total atrazine losses amounted to only 3.3% and O.S4% of that which 
was applied over the entire watershed in i9S5 and 1986 respectively. The majority of 
atrazine decayed within the soil matrix by volatilization, biochemical decay, plant 
uptake and photochemical breakdown. 

Because of the high solubility of atrazine and its low affinity for soils. Its movem.ent wa.s 
less event oriented than phosphorus and soil. The majority of atrazine movemient 
occurred during the summer months and in the early autumn when atrazine use is most 
active. However, a residual amount of the atrazine remains in the soil over the winter 
and is subject to spring washoff during snowmelt periods. About 9.*5%. of the total 
predicted atrazine loss occurred during the 1915 and 19S6 snowmelt periods. 
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One of the primary objectives of this study was to demonstrate the ability and usefulness 
of the modelling approach in land management planning. A set of six conservation 
farming schemes were selected and relevant model parameters and special actions were 
programmed In HSPF to reflect the unique characteristics of each. Guidance in adjusting 
model parameters was provided from U.S. EPA field and modelling studies, especially the 
HSPF demonstration on Iowa's Four Mile Creek agricultural watershed. Unfortunately, 
the exact degree of parameter adjustment for each conservation scheme is not well 
established and therefore considerable uncertainty exists at this stage. Also, relatively 
little ioiowledge exists for the Ontario setting in this respect. The model application to 
assess the benefit of various conservation farming schemes is meant as a demonstration 
of the ability of HSPF to reflect sensitivity and change to farming practice. The model 
predictions presented in this report should not be taken as quantitative evaluations but 
rather as qualitative assessments which are more suitable as relative indications of 
potential benfit. 

Two non-structural measures were evaluated with HSPF including a no-tillage system and 
contour strip cropping . Two structural measures Including tile drainage and retention 
basins were also evaluated along with two operational management schemes including the 
optimized timing of planting, and chemical appllcationi and sub-surface incorporation of 
applied chemicals. These systems were selected for this demonstration because, as a 
group, they represent a wide spectrum of possible systems and therefore provide a 
rigorous test of model capabilities and sensitivities. These systems are also commonly 
considered in conservation planning and therefore represent workable possibilities. 

The no till and strip contour management systems were found to be relatively effective 
in reducing soil loss and phosphorus loss by reducing surface overland runoff, providing 
more protective plant cover during the vulnerable spring and fall periods and by reducing 
the disruptive effect of plowing. These methods were only marginally effective in 
reducing atrazine loss since atrazine largely partitions towards the sub-surface drainage 
system in the Nissouri Creek Watershed, These methods are promising and practical and 
shouid be considered as viable options in any conservation plan. 

More complete tile drainage in the Nissouri Creek Watershed was predicted to reduce 

soil, phosphorus and atrazine loss by reducing surface runoff. While predicted 
improvements in this case were significant, it is one of the most difficult to accurately 
simulate, and somewhat impractical in terms of agricultural return on investment. 

4020.2 1.6 



The retention basin option was shown to be potentially effective in trapping soil already 
in the watercourse but was relatively ineffective in reducing phosphorus and atrazine 
losses due to their large soluble (i,e,, non-settleable) components. This option is 
somewhat impractical as It has high initial capital costs as well as continuing 
maintenance costs. Furthermore, trapped soil must be returned to the erosion prone 
areas from the retention basins in order to optimize the benefit. This method does 
nothing to alleviate the problem at the source and should be considered only when water 
quality remediation is required. 

The optimized application of phosphorus fertilizer and atrazine to avoid periods of high 
potential runoff was predicted to be ineffective In reducing phosphorus loss since it does 
nothing to reduce the vulnerability of phosphorus on the soil to potential surface 

washoff. Atrazine loss reduction is predicted to be significant with this scheme because 
it allows time for the atrazine to leach from the surface Into the soil matrix prior to 
surface washoff events. This scheme is less applicable in areas that do not have reliable 
five day weather forecasts but is promiising in that it requires no investmient or drastic 
changes in farming practice. 

'The Incorporation of phosphorus fertilizer and atrazine beneath the soil surface on 
application was found to be marginally effective in reducing the losses of these materials 
for a short period following application. This scheme does nothing to reduce the portion 
of phosphorus and atrazine which move through the surface soils into the tile drains in 
the Nissouri Creek Watershed. Incorporation is likely to be more effective in reducing 
losses of pesticides which are strongly soil bound and which are therefore more 
susceptible to surface washoff than Is atrazine. 

The analysis of benefit discussed in this report showed that HSPF can reflect changes in 
farm nniafiagement systems as it allows for alterations In parameters which affect all 
relevant a^ects of the watershed system. That Is, it explicitly accommodates changes 
in all components of the hydrologic cycle, the chemical storage compartments and the 
chemical transformat ion/transport algorithms. As HSPF Is comprehensive in its 
description of processes, it Is sensitive to farming systems which affect those processes. 

Further research Is necessary to define the effects of various conservation practices on 
transport and transformation processes in the Qntario agricultural setting. This research 

■^020.2 Ij 



must generate a more complete matrix of runoff parameters for various management 
options upon a variety of Ontario soil types and landscapes. This information is essentiai 
b .ore land management models will be capable of predicting benefit in quantitative 
terms. 

Recommendations have been presented for conducting future studies and modelling of 
agricultural runoff and land management. Firstly, it is recommended that watershed 
studies continue as the most effective means of quantifying agricultural land processes. 
More specifically, monitoring of streamflow and water quality should continue on the 
Nissouri Creek Watershed. This basin has an excellent database at present covering 
about five years from 1976 to 19S6 with much time series information on water quality, 
hydrology and meteorology. It is representative of a much larger area in Ontario and can 
serve as a bench mark to change in terms of land management and its long term effect 
on erosion and chemical transport. Watershed studies should extend over several years in 
order that the effects of meteorologically abnormal years can be minimized and so that a 
good perspective on long term processes can be obtained. 

It Is recommended that future studies address sub-surface runoff as an important 
contributor to the total of watershed runoff processes. While surface overland runoff 
accounts for effectively all of the soil erosion in a system It is not the only route by 
which agricultural fertilizers and pesticides move into the watefcourse as evidenced by 
the results of this study. 

Evapotranspiration is a major component of the hydrologic cycle. This parameter should 
be measured more directly if possible in order that a true water balance can be achieved 
in watershed studies. 

Field and plot level studies should be included in watershed investigations. This level of 
examination allows for more conclusive observation regarding the casual relationships 
between runoff and tillage practices. It also allows for low risk experimentation 
involving tillage practices, chemical useage, and cropping systems. 

Farm operator cooperation is a necessary component of any agricultural runoff 
program. It is recommended that at the onset of any study of this nature, that an 
agreement between the farm operators and the researchers be established. This 
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agreement may include monetary compensation for incurred costs, inconvenience, time 
required to provide information, and risk insurance against loss of productivity. This 
type of approach can result in a mutually beneficial experience, which for the 
researcher, can include access to detailed farm operation information which would be 
otherwise unavailable. 

The majority of soil and soil attached chemicals are transported from watersheds during 
snowmelt periods and extreme storm events. Field studies should be designed to 
intensify the event based information. While considerable runoff of soluble material can 
occur during extended baseflow periods, the runoff of the particulate portion of these 
materiais is a rare event which is often limited to less than 5% of the time* 

It is recommended that farming systems which reduce surface runoff and leave 
protective cover on the ground over the fall, winter and early spring periods be 
promoted. These systems can be very effective at reducing soil and chemical loss while 
improving productivity at little or no cost to the farmer. In fact, In many cases there is 
a short and long term financial benefit to the farmer with these systems. Modelling 
indicates that It is during the rare but extreme event that most of the soil and chemical 
loss occurs. Conservation schemes must take this into account and protect soil against 
high intensity rainfall and snowmelt by identifying the problem areas and by providing 
cover protection and runoff alleviation in those areas during the normally vulnerable 
periods. 

Finally, It is recommended that HSPF be adopted as the primary tool for detailed, 
quantitative research and assessment of conservation land management plans and for 
extrapolation of watershed results to a regional scale. HSPF provides the hydrologic and 
transport framework upon which new information can be built. It recognizes the 
complexity of the watershed runoff system and applies an appropriate level of 
descriptive detail in simulating it, HSPF requires no more or less Input information than 
that which is necessary in any research or assessment study. It provides the necessary 
interpolation between observations while aiding in the determination of material 
balances necessary for long term sirnulatlon. 
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2.0 liSITEODUCTION 

2.1 Bad^rowid 

Non-point source pollution has been recognized as a serious and growing problem in 
recent years. Several river basin studies have revealed that the balance between point 
and non-point sources of pollutants entering our receiving waters is shifting to the less 
controllable, non-point sources. When erosion Is left unchecked, agriculture suffers from 
the loss of valuable organic topsoil and soil nutrients white the local receiving water 
becomes choked with silt and enriched with plant nutrients. Agricultural chemicals used 
for pest control have also been detected frequently in streams, occasionally at high 
levels, since their use became widespread in the 1970's, 

At the same time that problems which accompany advancing technology have been 
detected and monitored, our understanding of hydrologic and physical/chemical processes 
has expanded. In the 1980's we are at a stage of model development and in possession of 
an experience base and sufficient computing power to allow lor detailed quantitative 
assessments of diffuse source problems. These assessments can include the evaluation of 
advanced management practices designed to reverse the trends of non-point source 
pollytion. 

Three universal problems which result from the superposition of man's agricultural 
activity on nature's hydrologic cycle are: 

o accelerated soil loss resulting from the clearing of vegetative areas and the 
distyrbance of surface soils. 

o the transport of plant nutrients (phosphorus and nitrogen) with soil and in soluble 
forms to streams and lakes where they cause eutrophication, 

o the transport of pesticides from agricuitural fields to receiving waters and 
possible toxic contamination of endemic organisms and humans. 

Soil transport by storm runoff results in the movement of valuable topsoil from places 
where it is most productive to places where it has little or no productive value or to 
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streams where it causes slltation. Siltation, in turn, destroys fish spawning areas and 
causes inf illmg of reservoirs and navagable waterways. Erosion is s© serious that certain 
susceptiiale agricultural fields in Ontario will be completely stripped of topsoil in a few 
decades if conservation practices are not implemented. 

Plant nutrients applied in the form of fertilizers are largely bio-available to algae in 
streams and lakes. The impact of relatively uncontrolled fertilizer runoff with eroding 
soil and percolating sub-surface runoff to the Great Lakes, reservoirs and rivers has been 
observed. This problem is manifested in the form of algal blooms, the replacement of 
pristene cold water aquatic communities with low diversity warm water communities, 
the loss of recreational resources, and many other perceptible and insidious repercussions 
(Goldman e^^y 1986), Figures 2J and 2.2 are unit area loading maps for sediment and 
phosphorous respectively for all of Southern Ontario (PLUARG, 197Sd). These maps 
highlight the extent and magnitude of the problem and the need for remedial measures to 
control runoff and erosion in the agricultural regions of Southwestern Ontario, 

Pesticide use has grown dramatically since World War II and has been responsible for 
improvements In agricultural productivity and efficiency for the following reasons, 
CHileman, 19S2): - . 

o better crops due to lack of competition by weeds and attack by other pests; and 

o no till systems can be used along with pesticides since tillage for weed removal is 
unnecessary. No till systems result In lower fuel and labour costs, reduce erosion 
and speed up cropping and converiion to other crops. 

However, several disadvantages of pesticides have been reportedi 

o possible weed resistance and substitution of other nuisance speclesi 

Q possible lncrea.sed msect activity and Insecticide requirements in absence of 
weeds; 

o soil pesticide carryover to the following y^ear may necessitate the abandonment 
of crop rotation. This inevitably leads to deterioration of soils and possible 
development of pesticide resistance by weeds and insects; 

%020,2 ' 2,2 




FtRure ^'^ i Predicted UnlC-area Loads of Sediment from Each Unit-area of Farm Land In Che Watershed 

Syb-Basins of the Agricyltural Portion of the Canadian Great Lakes Basin (after PLUARG, 1978d) 




FARM LAND 'UNIT-MEA LO,ADS 
PHOSPHORUS |kg/h«l 

II jl «0.20 
I |0.2Q-0.SQ 
I 1 0.51 '0.80 
3 0.8 1-1.10 
m 1.1 1-1. 40 
>1.40 

NISSO'URI CREEK WATERSHED 



Fl p.uire 2.2 



Predicted IJ'ntt-Area Loads of TO'tal PhO'SphO'rus from Each Unit-Area O'f Farm Land in, the 
'Watershed Su.b-Basiris of the Agricultural PortiO'n of the Canadian Great Lakes Basin 
CaftcT PLUARG, 1978d) 



o synergistic effects of various pesticides on non-target organisms; and 



o 



the introduction of pesticide contaminants (ie. dioxin in 2,^,5-T and silvex) into 
the environment and subsequent toxic effects to man and aquatic organisms. 

The incidence and persistence of pesticides and their byproducts in the environment are 
increasing rapidly. Figure 2.3 shows the measured concentrations of atrazine and its 
metabolite in three agricultural watersheds studied as part of PLUARG including the 
Nissouri Creek Watershed (PLUARG, 1978b). These streams were observed to be 
contaminated at measurable levels at all times and In some seasons they were heavily 
contaminated by a variety of pesticides. 

Atrazine (2 chloro-4-ethylamlno-6-isopropylamino-5-triazine) is currently the most 
widely applied herbicide In Ontario (McGee, i98#). It is a member of the triazine group 
and is most commonly used in mixtures with other herbicides for weed control in corn 
crops. It is applied In the spring in pre-planting, pre-emergent or post-emergent forms 
and/or In the fall for over winter weed control. It is moderately soluble in water (33 
mg/L at 25® C) and has a low vapour pressure (3 x 10"^ mm Hg at 20*^C). 

Now that pesticides have become an important aspect of crop production there may be 
no easy way to eliminate their use. Organic farming and genetic engineering offer some 
future possibilities. However, the approach to the reduction of negative impacts must 
also pursue the development of safe chemicals (if possible) and In keeping the chemicals 
where they are intended. This study is directed towards the latter approach. 

Conventional agricultural practices employed in a high production mode can result in 
■serious degradation of the lands capability to produce as well as significant 
environmental contamination. Agricultural practices which attempt to reduce the 
negative impacts ol agricurture on the land and the streams are termed "Best 
Management Practices" (BMP's) and are effective to various degrees at reducing 
environmental impacts while keeping the soil, nutrients and chemicals in the fields. 
Concern has 'been expressed by the farming community abouit the cost of various BMP's in 
terms of increased operating costs and reduced crop production. It Is therefore 
neces^ry to investigate the advantages, disadvantages and costs of each practice and 
then to develop farm plans which optimize production and conservation in a cost 
effective manner. 
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Flguire 2,3 AtraElne and Desethyl Atrazine 

Found in Missouri Creek and two other 
watersheds (after PLUAHG, 1978b) 



LOAM SOIL WATERSHEDS 
AG 4 

AG 5 ■«- - -^ (NISSO^URI CREEK) 

14 o — © 



1977 



Tible 2.1 CAPABILITIES OF OPERATIONAL WATER QUALITY RIMOFF MODELS (Huber and Heaney. 1980) 
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Table 2.2 CAPABILITIES OF OPERATIONAL RECEIVING WATER QUALITY MODELS (Hinson and Basia, 1979) 
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The only effective way to evaluate BMP's on a large scale is to use hydrologic-diffuse 
source models* These tools integrate the effects of land management and agricultural 
activities on runoff and storage in the watershed system and ailow for the prediction of 
future site specific conditions. 

Land management models have been the subject of considerable development and testing 
during the past 20 years. Initially, hydrologic models were developed as event based 
predictors of hydrologic processes. The Stanford Watershed Model (Crawford and 
Linsley, 1966) was used as a basis upon which Negev (1967) superimposed sheet and gully 
erosion equations as well as instream sediment transport. A lumped parameter model, 
PTR (pesticide transport and runoff), was later developed by Crawford and Donigian 
(1973), This model "piggybacked" applied pesticide onto the hydrologic and sediment 
transport components of the evolving Stanford Watershed Model. This approach 
emphasized the need for transport mechanisms of watershed hydrology as a basis for 
agri-chemical behaviour simulation. The PTR model included hydrologic simulation, 
sediment detachment and erosion, pesticide adsorption/desorption, vertical movement of 
pesticide in the soil, and pesticide degradation. 

Further modification and testing of the PTR model resulted in the agricultural runoff 
management (ARM) model (Donigian and Crawford, 1976b; Donigian j«^, 1977). This 
model simulates runoff Including snow accumulation and melting, sediment loss, 
pesticide-soil Interactions, and soil nutrient transformations. Further developments to 
ARM added components of soil moisture and temperature, pesticide degradation, nutrient 
transformations, and plant nutrient uptake. The ARM model was fully supported by a 
users manual and was the first practical and widely operational predecessor of HSPF. 

A simpler version, of ARM was developed which could be used with current urban models 
such as SW'MM, (storm water management m'Odel) (Metcalf and Eddy et aL, 1971) and 
STORM (storage, treatment, overflow, runoff model, U.S, Army Corp, of Engineers, 1975 
and Huber et aL, 1975). The resulting model, NPS (non-point source model, Donigian and 
Crawford, 1976a and b) was a continuous simulation model which Improved the snow 
handling and sediment transport components of urban runoff models, 

HSPF (Johanson et aL, IfSO) is the most recent and comprehensive model in this series. 
This model incorporates time series data management systems, recognizing the enormous 
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task of input and simulation data handling. Channel routing is linked to land surface 
runoff modules and a simple sediment routing algorithm has been added. Water quality 
algorithms added include BOD/DO dynamics, carbon, nitrogen and phosphorus cycles, and 
suspended and attached phytoplankton and zooplankton. The most recent version of 
HSPF, release S,0 (Johanson ^ aLj 198^), has included a chemical migration and risk 
assessment methodology (Onlshi et aL, 1979), This methodology includes sediment 
transport by particle size groups, pesticide routing and degradation kinetics, sediment- 
pesticide interaction, a frequency analysis summary of contaminant concentration, and 
toxicant risk assessment. 

HSPF is a dynamic watershed hydrologlc and water quality model which requires dynamic 
time series inputs of weather and management practices as well as descriptive 
characteristics of the watersheds soils, topography, drainage and agricultural practices. 
The model simulates the processes which result from precipitation on the watershed in 
terms of runoff and associated water quality parameter movement and behaviour. The 
surface runoff and sub-surface seepage is then routed to the watershed streams where It 
is subject to instream transport and transformation processes. 

The model is built upon a systematic framework in which a series of application modules 
are used to perform various hydrologlc and water quality processes; and utility modules 
are used to perform various data management functions. Application modules includes 

o PERLND, the pervious land segment moduiei 

o IMPLND, the impervious land segment module, and 

o RCHRES, the receiving water module. 

Utility data manafemient modules include the following: 

o COPY, a module for manipulating, aggre^ ring or factoring a time series of data; 

o PLTGEN, the module which creates specifically formatted files for plottlngi 
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DISPLY, the module which summarizes data and presents it in neatly formatted 
tables; 

o DURANL, a module which performs a duration and excursion analysis; and 

© GENER, a module which can perform a number of basic tranformations of one or 
two time series. 

HSPF is a hybrid model which has benefited in its development from several other models 
(i.e., ARM, NPS, HSP, PTR, Stanford Watershed Model etc) and at this stage, represents 
the current 'statenDf-the-art* in continuous simulation of non-point source material. 
Other models have been developed with different approaches and are useful in more 
specific ways. Tables 2.1 and 2,2 were extracted from a report by Donigian (1981) which 
lists currently available water quality runoff models and receiving water qyality models 
and their capabilities. Models such as CREAMS (chemicals, runoff and erosion from 
agricultural management systems) (Crowder et §y 1985), STORM and SWMM are 
continuous simulation modeis which have received widespread use and testing in Canada 
and the United States, 

Another class of model which has seen widespread use is the distributed parameter land 
management model. These models were built upon the work of Meyer and Wischmeier 
(1969) to predict soil loss from discrete homogeneous land surfaces over long periods of 
time. GAMES (Guelph model for evaluating effects of agricultural management systems 
on erosion and sedimentation; Cook et aL, 1985) and GAMESP which includes phosphorus 
loss predictions use the Universal Soil Loss Equation (USLE) to predict removal and soil 
loss as well as delivery from fields on a seasonal and annual basis. Hydrological 
simulation is not included nor are sub-surface transport processes. ANSWERS (aereal 
non-point ■source watershed: environmental response simulation, Beasley et al., 1982) is a 
distributed single event model which simulates surface and sub-surface runoff and soil 
loss from discrete land areas. This model has seen widespread application in the United 
States. These models are much simpler and easier to use but lack the detailed process 
description to effectively simulate the total effects of improved land management 
practices In the long term. 
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The U«S. EPA has invested constderable time and resources in the development and 
testing of the predecessor models of HSPF. Since 1971 the U.S. EPA Environmental 
Research Laboratory has conducted a comprehensive research program to establish 
datasets and develop agriculttiral runoff models and evaluate proposed land management 
practices. The following field studies were undertaken for this purpose: 

o four small Piedment watersheds in Georgia near Watklnsville were monitored 
from 1972 to 197J for soil, herbicide and plant nutrient loss (Smith etaL, i97S); 

o two test catchments near East Lansing, Michigan, were monitored for herbicide 
and nutrient losses (Ellis etaL, r97S)| 

o Four Mile Creek, Iowa was monitored from 1976 to 19S0 for runoff, soil, plant 
nutrient, and herbicide losses (Baker et a I,, 1979); 

o a tidewater area of North Carolina was monitored for herbicides, nutrients and 
run ff in a pre and post development study (Gilliam and Skaggs, 19S0); and 

o Sanidusky Basm, Ohio, was the subject of a 3-5 year river basin- scale nutrient and 
sediment transport stydy (Baker, 1979), 

The results of model testing using the datasets gathered m these studies has guided 
researchers in estimating process rates and watershed behavloyr parameters under a 
variety of conditions Cimhof ^M^ 19S3; Donigian^^ 19S3| Smith ^aL, 1971), 

The PLUARG studies invesiigated non-point source pollutiori in the Great Lakes Basin in 
the mid 1970's recognizing that non-point sources of soil, nutrient and pesticides were a 
significant portion of total loadings t© the Great Lakes and In fact were significantly 
higher than point source loadings in some areas (PLUARG 197Sa). As part of this 
program, 11 agricultural watersheds in Ontario were selected for intensive studies from 
197* to 1977. One of these watersheds was the Nissouri Creek Watershed (termed AG-5) 
and is the : b|ect of this study. The Nissouri Creek (also called Holiday Creek) 
Watershed was selected because It is representative of a mucli larger area in Southern 
Ontario, in terms of soil pollutant transfer potential. The silt loam soils and land 
management practices of this watershed were felt to be representative of an area of 
about 3,0'50 kmi - in the Lake Erie Basin, 

4D20.2 2,7 



PLUARG observations for the Nissouri Creek Watershed are reviewed in the neict 
chapter. PLIJARG did not attempt to develop land managennent models but rather was 
the first comprehensive effort to rank and quantify non-point sources of various water 
quality parameters by land characteristics and land use. Extensive databases were 
developed and have been the basis for setting research and conservation priorities since 
then. The PLUARG studies confirmed a number of theories regarding the origin and fate 
of non-point source pollution as well as giving direction to future research by identifying 
areas of weakness in our base of knowledge. 

2^ Ob|«:tives and Scope 

The Ontario iMinistry of the Environment has recognized the need for the predictive 
technology incorporated In HSPF, This model has immediate application to agricultural 
land management planning In the Great Lakes Basin. Other related applications include: 

o urban development planning to examine the effectiveness of measures designed 
to reduce the impacts of urban development and land use changes on land and 
receiving waters; 

o instream and lake/reservoir frequency analysis and lethality analysis to protect 

fisheries; 

o watershed planning to predict the effect of development related point and non- 
point source pollutant loadings on future water quality | 

o reservoir studies to optimize reservoir operation for flow augmentation and flood 

control,! 

o time series data (hydrologic, water quality and meteolologlc) manipulation, 

sum,mary, and frequency analysisi 

o analysis of the long term effects of interbasin water transfers; 

Q analysis of groundwater' pumping and irrigation :schemes on watershed hydrology 
and water qualityi and 
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o studies of chemical mobility in the environment, as required in the application 
for approval of pesticides for various uses and for selecting waste disposal sites 
for hazardous contaminants. 

in 1983, MOE initiated a three year data collection and model testing program centering 
on a Southwestern Ontario agricultural watershed much like those conducted on Four 
Mile Creek and the Georgia watersheds (Imhof et aU, 1983 and Smith etaL, 197S), The 
objectives of this program include the following: 

o collect data on hydrology, water quality, watershed characteristics and soil types 
in a watershed study for a 30 month period; 

o collect data on the properties of atrazine and the management practices 
associated with its use in the study area; 

o investigate the contributing factors which lead to atrazine, phosphorus and soil 
transport by surface runoff and subsurface outflow from the study watershed; 

o Investigate the effect of land management practices on soil erosion and sediment 
transport, phoshorous transport and atrazine transport from the watershed. 

o calibrate a comprehensive land management model (HSPF) and simulate 
watershed hydrology, soil loss, phosphorus and atrazine transport from the 
watershed; 

o evaluate the effectiveness, accuracy, utility and practicality of using watershed 
modelling to predict the . environmental fate of agri-chemicals and the 
effectiveness of conservation management practices; and 

o recommend appropriate land management practices for controlling the loss of 
soil and agri-chemicals from agricultural areas in Ontario, 

In meeting this objective BEAK was contracted to undertake a comprehensive field study 
and modelling exercise. The Nissourl Creek Watershed was fully instrumented and 
monitored from May 198% to December 1986 for surlace water quantity and quality, 
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meteorology, and sub-surface runoff quantity and quality. Historical databases were 
assembled and summarized and site measurements were made to characterize the 
watersheds soils, land use and drainage* MOE, Water Resources Branch conducted field 
level studies of atrmzine decay to aid in process definition. Surveys of land owner use of 
atrazine were also conducted to characterize the land management practices (Hazardous 
Contaminants Coordination Branch). Literature was reviewed to aid at all stages of the 
program from initial study design to model parameter selection in order to take 
advantage of existing databases and past experience. 

A modelling exercise was undertaken in order to investigate conservation land 
management practices and demonstrate the applicability of watershed modelling to land 
management, 

HSPF time series and descriptive input data was prepared, the watershed was discretized 
in a lumped parameter mode, the model was calibrated on one full year of watershed 
data, and validated using a second complete year of data. In addition, the model was 
used in a demonstration mode to predict the benefit of various broadly applied 
conservation management schemes and the models utility modules were applied in 
separate demonstrations of their usefulness. Conclusions regarding runoff processes 
were made based upon model predictions. Finally, recommendations were formulated 
regarding the use of models in land management, the procedures for conducting further 
data collection, programs in watersheds, model testing pr^ocedures, the most likely 
candidate land management practices for further consideration, and future research 
needs. 

This is the final project report. The following chapters provide a description of the study 
areai the historical databasei the field study program, methods, and results; the 
modelling process including Initial set up, calibration and validation; a simulation 
demoniStration of the benefit of some land management practices; and comments and 
recommendations. 
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3.0 STUDY AREA 

3.1 G^ieral 

The Nissouri Creek Watershed lies within Oxford County (Zorra Township) in the 
Southwestern Ontario Peninsula. The creek discharges runoff from a gently rolling 
portion of the Oxford Till Plain to the Middle Thames River just upstream of the Town of 
Thamesford. The centre of the watershed Is approximately equidistant from the cities of 
Woodstock and London which are 20 to 25 kilometers to the southeast and southwest 
respectiveiy. The location of the watershed is illustrated on a regional map of 
Southwestern Ontario in Figure 3.1. A larger scale map, (see Figure 3.2) shows the shape 
ol the watershed and its surface drainage system. 

The watershed Is approximately 31 km^ in area with a maximum width and length of 5 
and 9 km respectively. 

The watersheds geophysical, socio-economic and agronomic characteristics are described 
in the following section, 

3a Topography 

The maximum surface elevation change over the watershed is from 3S2 m (above mean 
sea level) In the northwest to 290 m (above mean sea level) at the mouth, over a distance 
of S km. Slopes range from nearly flat in the central section to more than 15% in 
localized areas in the northern and southern regions of the watershed and along the 
streambanks. Generally, slopes are In the 1 to 5% range. 

In general, the area can be described as gently rolling with hilly areas and depressions on 
the west side and moderating to gently undulating on the east side. 

33 Geol^y 

The Nissouri Creek Watershed is underlain by the Detroit River Formation. This 
material consists of dolomite and limiestone with some gypsu'mi and chert. There are no 
bedrock outcrops in the watershed although bedrock has been exposed along the deep 
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FIGURE 3.1 

Location of the Nissouri Wafershed 
in Soufhwestern Ontario 
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FIGURE 3.2 

Nissouri Woterstied 
Drainage Area 
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Thames River valleys nearby. Beachville, 10 km to th southeast, is the site of active 
limestone quarrying. 

M Soils mnd Glacial Geology 

The watershed lies on the 150,000 ha Oxford Till Plain. The surface of the plain is 
drumlinized although no drumlins are apparent in this watershed.. The till is pale brown, 
calcareous boulder loam dominated by Norfolk limestone and grey or pale brown 
dolomite. 

The Thames River and its headwaters flow within well-marked oversized valleys cut by 
glacial meltwaters across the plain.. 

The dominant soil types in the area are Guelph Loam and Honeywood-Guelph Complex 
(silt loam) (grey-brown podzolic) and the Embro silt loam. The Guelph loam is among the 
best agricultural soils in Ontario owing to its good drainage, loamy texture, moderate 
water holding capacity, neutral reaction and lack of extreme stonlness. Upland locations 
have dark grey soils with moderately high organic content and depths of more than 
0,5m. Erosion has reduced this layer on steep slopes and has deposited material in the 
depressions and at the bottom of slopes. 

The Embro silt loam and the Honeywood-Guelph Complex have finer particle sizes and 
display imperfect drainage. These soils are usually associated with smooth topography on 
broad plains which may have been lacustine basins. These soils are up to i.O metre thick 
overlying stoney loam tilL Surface soils are black with high organic content* A sub- 
surface sllty clay loam layer inhibits drainage. An extensive tile drainage network has 
been developed to alleviate this problem in the Nissouri Creek Watershed, 

Bottom land is found along streambeds within the watershed in relatively localized 
areas. This alluvial material has variable agricultural adaptability depending on the 
depth of the water table. Muck (high organic material derived from litterfall etc.) is also 
present in swampy areas, especially on the west side of the watershed. 

Figure 33 shows the surface soil designations as originally reported in the Ontario Soil 
Survey by the 'Canadian Department of Agriculture (1961) using the old field mapping 
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system. The three dominent soil types described here; Guelph Loam, Embro silt loam, 
and Honey wood Guelph Complex occupy 45%, 36% and 12% of the area respectively with 
small areas of Tavistock silt loam, Parkh ill loam, muck and bottom land on the remaining 
7% of the watershed. 

The PLUARG study conducted detailed soil investigations in this watershed and produced 
a detailed soil map (PLUARG, 1979). Figure 3A displays the soil series map produced 
using the newer taxonomic soil classification system. This system uses soil series 
numbers and their relative abundance along with identifiers for slope phase and stonlness 
phase. 

Table 3.1 summaries features of this soil map including relative abundance of the soil 
series and the closest corresponding soil series used in the old classification system. A 
further discussion of Nlssouri Creek Watershed soils in terms of physical and chemical 

characteristics, is presented in the next chapter. 

3^ Land Use 

The majority of the Nissouri Creek Watershed has been under intensive cultivation for 
row crops with some areas used for grain production, pasture, hay and orchards. About 
13% of the land is not used directly for agriculture. Non-agricultural uses include roads, 
residential lots and forested areas. 

The dominant agricultural activity in the area is dairy farming with large areas dedicated 
to sileage corn production. Significant areas have been seeded with small grains (i.e., 
oats, winter wheat)| and soybeanst orchards, vegetables, hay and pasture are also found. 
Hog production Is also present in the area. 

There are about 35 farms In the watershed with average cultivated areas of about 50 
hectares per farm. In 1985 about 1,530 hectares was dedicated to corn production with 
1,170 hectares in other agricultural uses. In 1986 about 1,110 hectares was dedicated to 
corn with 1,590 hectares in other agricultural uses. There are no areas set aside for 

commercial, institutional, recreational, or industrial uses. 
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TABLE 3.1 



SOIL SERIES OF THE NISSOURI WATERSHED 



Soil 
Series 



Particle 
Size Class 



Slope/Stoniness* 
Phases 



Areal Extent 

TO 



Agricultural 
Capability 



Old Class ificatioo 
Series 



0#3 

0^6 
053 
053 
056 
067 
077 

sc 



course loamy 
fine loamy 
fine loamy 
fine loamy , 
fine loamy 
fine loamy 
humic clayey 
humic clayey 
stream course 
ex 



^Slopes: A 0-0 J% regular 

B 0.5-2% regular 

C 2-5% regular 

d 5-9% irregular 



CI 

Bl, CI 

Bl 

Cl,d2 

fil 

Bi 

AO 

AO 



2# 

26,7 

23 

5.1 

t 
1 
I 
2 
Jl 



Stoniness: 



I 

I 

2w 

1, 3T 

I 

3W 

unclassified 

unclassified 

variable 



Guelph Loam 
London Loam 
ParkhiU Loam 
no correlation 
no correlation 
no correlation 

muck 

muck 
no correlation 



non stoney 

1 slightly stoney 

2 moderate stoniness 



Table 3,2 is a summary of information compiled by PLUARG for the Nlssouri Creek 

Watershed In the mid 1970's. Most of this information is still reievant today, 

3.6 Meteorology 

The long term meteorological records from London and Woodstock have been summarized 
and are representative of the Nissouri Creek Watershed area due to their proximity and 
similar topography. Tables 3,3 and 3 A list monthly normals for London and Woodstock 
respectively for average air temperatyre, bright sunshine, precipitation and relative 
humidity (Woodstock only). Figure 3.5 is the normal (25 year) wind rose for London. 

The only significant long term or seasonal difference between the weather patterns at 
London and Woodstock is in terms of snowfall. London normally receives an additional 
SO mm (water equivalent) of snow per year to that received at Woodstock. 

Minor climatological differences do exist between London, Woodstock and the Nissouri 

Creek Watershed due to topography, proximity to open water and urbanization but these 
are believed to have an Insignificant effect in the long term. Precipitation can vary 
significantly within a few kilometres during Individual thunderstorm events. However, 

over the entire thunderstorm season these spatial differences tend to dlaippear. 

3.7 Hydroio^r 

Imperfect drainage due to silty clay ■soil layers in the broad lacustrine plains of the 

Nissouri Creek Watershed "have necessitated extensive tile drainage. Syb-surface drain 
patterns range from; simple irregular municipal drains which generally follow the natural 
depressionj of the land to systematic networks which under .lay entire fields. Most of the 
watershed is tile drained to some extent. Only the main stream channel remains in a 
natural state, 

Man made drainage stryctures have greatly affected the hydrologic regime of the 
watershed by reducing surface runoff and peak streamflow and at the same time they 
have extended the duration of the hydrograph and increased the overall hydraulic yield by 
providing more complete drainage after precipitation events. Baseflow may be reduced 
somewhat by the sub-surface drains as less water passes downwards to the groundwater 
table. 
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TABLE 3^: NISSOURI CREEK WATERSHED CHARACTERISTICS 

FROM PLUARG (1975-1976) 



Total Area of Watershed in, Hectares .^ 3t00'0 

% Cultivated Land in Watershed 5S.1 

% of Soil which is Clay 20.1 

% of Soil which is Sand 25,0 

Erosion Potential - Dimensionless . 1.7 

Surface Pollutant Potential - Dimensionless 0.^0 

Groynd Water Pollutant Potential - Dimensionless 0,^0 

Perennial Stream Densitv in km/km^ (SD) 0,732 

Rural Residences per km 1.^ 

Road Density in km/km 2.1 

% Row Crops #5.9 

% Corn ^2.3 

% Soybeans and Whitebeans 0.001 

% Tobacco 0,001 

% Vegetables 3.6 

% Cereals 12.2 

% Pasture and Hay 22. S 

% Orchards ' 0.001 

% Woods and Unimproved Land 15.4 

% Non Agricultural 3.7 

Animal units per Hectare " 0.61 

Soil P2O3 - Dimensionless 23.3 

Fertilizer Nitrogen Input kg/ha ^5,6 

Manure Nitrogen Input kg/ha #3.7 

Fertilizer Phosphorus Input kg/ha 16.S 

Manure Phosphorus Input kg/ha iO.O 

Total Nitrogen Input from Manure and Fertilizer kg/ha S9.3 

Total Phosphorus Input from Manure and Fertilizer kg/ha 26.S 

Slope - m/km ^'57 

% Tile Drained 98.0 

%■ Exposed Streambank (EX) 6.0 

Fertilizer Potassium kg/ha 29.9 

Manure Potassium kg/ha 39-8 

Total Potassium kg/ha 69.7 

EKposed Streambank km/km^: ES = SD X EX 0.04 



TABLE 3.3 



MONTHLY METEOROLOGICAL NORMALS 
AT LONDON, ONTARIO, 1951-10 



Month 



TeiTi,p Bright Synshiii,e 

C^C) Chrs,) 



R.H. Precipitation 

(%) Rainfall Snowfall Total* 
(mm) (cm) (mm) 



January 
February 

March 

April 

May 

Jyne 

July 

August 

September 

October 

November 

December 



-6.6 
-6.1 

-0.9 

6,* 

12.A 

17,9 

20..3 

19J 

15 A 

9A 

3.1 

-3.5 



71 

97 

121 

167 

230 

2^4 

27it 

2U 

173 

1*2 

75 

56 



S2 
81 

73 
6S 
69 
69 
7* 
78 
78 
84 



27.9 


53 


75,2 


26,7 


38.9 


60.5 


49.7 


27.9 


75.1 


72.6 


l.i 


S1.2 


66.3 


m 


66.8 


73.6 


m 


73.6 


72.4 


- 


72.4 


80.3 


*• 


80.3 


78.6 


- 


78.6 


71.6 


IJ 


73.4 


62-4 


24.4 


84,7 


43.J 


51.3 


87.5 



TOTAL 



726 



209 



909.4 



•"Total precipitation is equivalent to total rainfall plus the water eqiiivalent of the snow 
and all other forms of frozen preGlpitation, 



TABLE 3.* 


MONTHLY METEOROLOGICAL NORMAI-S 






AT WOODSTOCK, ONTARIO, 


1951-80 






Month 


Temp 


Bright Syn shine 




Precipitation 






eo 


Chrs.) 


Rainfall 


Snowfall 


Total* 








(mm) 


(cm) 


Cmm) 


January 


-6.6 


S3 


25,5 


33.8 


60.2 


February 


-5.8 


9# 


28.3 


23.1 


49,9 


March 


-0.9 


130 


50.5 


19.5 


70.1 


April 


6.3 


171 


70.3 


5.9 


76.2 


May 


12** 


238 


6^.3 


0.3 


64.8 


3yne 


17.8 


260 


82.0 


- 


82.0 


3uly 


20.1 


298 


73S 


.'■i 


75J4 


Augyst 


19.3 


26* 


UA 


r* 


88.4 


September 


13S 


209 


74,2 


- 


74.2 


October 


9.^ 


168 


72,3 


I A 


73.7 


November 


3.0 


88 


59.0 


12.7 


71.7 


December 


-3.* 


67 


45.6 


29.3 


74.9 



Total 



736 






861.6 



♦Total precipitation is equivalent to total rainfall plus the water equivalent of the snow 

and all oth'er forms of frozen precipitation. 



FIGURE 3.5 

Wind Rose for London Airport (Yearly Average ) 
for the Period 1955-1980 
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The streamflow at the most downstream road crossing in the Nissouri Creek Watershed 
was monitored as part of the PLUARG study from April 1975 to November 1977. Runoff 
during this period was generally higher than normal as evidenced by the records of 
streamfiow rate on the Middle Thames River at Thamesford. The 1975-77 stream flow 
rates at this site generally exceeded the long term average rates on a monthly basis. The 
precipitation records for this same period indicate that there was above average 
precipitation. The same long term records show that there has been a steady increase in 
total annual precipitation and total streamfiow from 1965 to 1916 so that 1986 
streamfl =w rates were almost double the rates measured in the mid I960's. It is unclear 
whether this is part of a long term climatological trend or merely random variabiiity. 

Figure 3.6 illustrates the monthly means and daily extremes of streamfiow In the 

Nissouri Creek for the 30 month PLUARG monitoring period. The stream flowed 

■■1 
continyously during this period and daily average flows frequently exceeded 3m- /s 

following precipitation events. Low baseflow occurred in the 3une to August period and 

peak flows occurred in February to May. Storm hydrographs usyally have a duration of 

less than 3 days as hydraulic delivery within the system is rapid, 

1^ Water Qiemistry 

Because of the PLUARG activities in the Nissouri Creek Watershed a great deal of water 
quality information was collected from May 1975 to April 1977. Parameters studied 
included the nutrients; phosphorus and nitrogeni suspended sedimentsi heavy metals 
including lead, copper and zinc; and toxic materials (insecticides, herbicides and PCB). 
Several other parameters were monitored on a less intensive basis. The full database is 
summarized in the PLUARG series reports (PLUARG i978a, 197Sb, 197Sc, 197Sd). The 
PLUARG results of phosphorus, suspended sediment or soil and atrazine (and 
desethyatrazine, a metabolite of atrazine) monitoring are summarized here. Table 3.5 
summarizes the sediment-soil loss information for the 1976 calendar year. Note that 
streambank erosion Is relatively insignificant as a sediment source. The Nissouri Creek 
Watershed soil loss for 1976 was near the average for Lower Great Lakes drainage basin 
as presented in Figure 2.1. 

Table 3.6 lists summary Information for phosphorus loadings from various sources in the 
watershed. Note that cropland is the source of over S0% of the phosphorus load and 
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FIGURE 3.6 
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in the Nissouri Creek, April l975^November 1977 
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TABLE 3 J PLUARG SEDIMENT - SOIL LOSS SUMMARY, 1976 (PLUARG, 197Se) 

Total Sediment Load (kg/ha,/yr) =. W^ 

Streambank Erosion (kg/ha/yr) - 5 

Cropland Erosion (kg/ha/yr) = ' 3^6 

Total Watershed Sediment Load (tonines) = 1,085 



Delivery Ratio (DR) % = Stream Sediment Load x 100 - 7, 16, 21 (three methods) 

Total Erosion 

Avg. DR (%) =15 



TABLE 3.6 ESTIMATED AND MEASURED ANNUAL TOTAL AND DISSOLVED 

PHOSPHORUS LOAD (TONNES) FROM SOURCES 
WITHIN THE WATERSHED (PLUARG, 1971a) 



Total Phosphorus measured (Beale Estimator) 4,60 

Total Phosphorus measured (NAQUADAT) 3.21 

Streambaok Erosion 0,01 

Cropland ' 1.96 

Livestock 0.39 

Unimproved Land 0.0% 

Total Estimated 2.40 

Total Measured Dissolved Phosphorus 1,28 

Total Sediment Phosphorus = 0.72 
Total Phosphorus 



dissolved phosphorus accounts for 28% of the total load (PLUARG, 197Se). The 1976 
phosphorus losses for this watershed were in the highest range within the Lower Great 
Lakes drainage basin as presented in Figure 2.2. 

Tables 3. 7 to 3,10 list relevant information for atrazine and its metabolite, 
desethylatrazine. Losses of atrazine and desethylatrazine were aboyt 0,4% of the 
amount applied with the majority of export (62%) occurring lo the January to April 
period. Surface runoff accounted for about 61% of all atrazine losses from 197 J to 1977 
with spills accounting for an estimated 8% of losses (PLUARG, 197Bb), 

Tables 3.H and 3.12 summarize the unit area loadings and total loadings for suspended 
solids, total phosphorus, ortho-phosphorus, total dissolved phosphorus and some pesticides 

and toxicants for the study period by season. Table 3.13 summarizes the frequency of 
occurrence of various concentrations of atrazine and desethylatrazine In stream water 
during the study (PLUARG, 197Sd). 

Streamflow rates in the Middle Thames River at Thamesford were slightly higher than 
the long term normals (1930-86) for the PLUARG study. However, more recent records 
suggest that a trend to higher precipitation and streamflow may be In effect. Average 
streamflows since the completion of the PLUARG monitoring period have been 
consistently higher. The water quality implications of this are mixed. Higher 
precipitation will generally cause more surface runoff and concomitant erosion of soils 
and runoff of soil attached nutrients and pesticides, and dissolved material. This will 
result r higher stream loadings of agricultural chemicals and suspended solids following 
precipiiation/sn,owmelt events. Conversely, higher precipitation will cause higher 
groundwater storage and baseflow rates and therefore lower pollutant concentrations due 
to higher dilution at low flow times. It follows then that periods of higher precipitation 
and stream flow are also periods with more extreme concentrations of pollutants. Total 
annual pollutant loadings will likely display a general increase in wet years. 
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TABLE 3.7 



RATES OF APPLICATION AND LOSS OF ATRAZINE 
AND rrS METABOLITE CPLUARG, If J8b) 



Atrazine Application Rate (kg/ha/yr): 

(1975-77) 

Losses of Atrazine Cg/ha/yr) 1975-76 

and desethylatrazines 1975-76 

1976-77 
1976-77 



0.66 whole watershed 
2.01 treated corn areas 
2.27 whole watershed 
7,0 treated corn areas 
3,10 whole watershed 
9J0 treated corn areas 



TABLE 3^ UNIT AREA LOADINGS OF ATRAZINE AND 

rrs METABOLm by season (PLUARG, 1978b) 



% of Total 

Total Atrazine & Desethylatrazine Load Cmg/ha)s May- Aug. 1623 Si 
1975-77 

Sept.-Dec. #30 I 

Jao.-Apr, 3317 62 

* 

Total 5370 100 



TABLE 33 AMOUNT OF ATRAZINE AND DESETHYLATRAZINE 

LEAVING THE WATERSHED BY MONTH, 1975-77 (ICG) (PLUARG, 197gb) 



1975 



May 


0.25 


June 


0.87 


July 


0.11 


Aug. 


0.09 


Sept. 


0.12 


Oct. 


0.05 



1976 Jan. 0.39 July 2.19 1977 



Nov, 


0.07 


May 


0.5# 


Dec. 


0'.J9 


June 


0,10 


Jan. 


0.39 


July 


2.19 


Feb. 


1.S7 


Aug. 


0.72 


March 


2.20 


Sept. 


0.03 


Apr. 


0.21 


Oct. 


0.16 



Nov. 


0.20 


Dec. 


0,07 


Jan. 


0.04 


Feb. 


0.27 


Mar. 


#.42 


Apr. 


0.35 


Total 


16.11 



TABLE 3.10 LOSSES OF ATRAZINE AND DESETHYLATRAZINE IN 

SURFACE, SUBSURFACE AND SPILLS BY SEASON, 1973-77 
(PLUARG, i97ib) 





May-Aug, 


Sept.-Dec. 


Jan.- Apr. 


Total 


Storm Runoff (kg) 


1.69 


0A5 


7.61 


9.75 


Base Flow (kg) 


I .$7 


QM 


2.34 


5.05 


Spills (kg) 


1.31 


0.00 


0.00 


1.31 


Total (kg) 


4.S7 


1.29 


9.95 


16.11 



TABLE 3.11! 




NISSOURI WATERSHED UNIT AREA LOADINGS FOR 












SUSPENDED SOLIDS, NUTRIENTS AND HEAVY METALS (PLUARG, 1978d) 






Total 






Season 


Unit Area 
Load 


Total 
Load 


Season 


Unit Area 
Load 




Load 


I 


II III 


1 II III 




T/yr 




% 


% % 


kg/ha/yr 


T/yr 


11 11 % 


kg/ha/r 








SUSPENDED SOLIDS 






TOTAL PHOSPHORUS 






1990.0 








661.7 


#.60 




1.53 




1053.6 




25.7 


71.7 2.6 


351.2 


3.21 


3#.6 62.3 3.2 


1.07 




822.9 




%8.3 


#8.3 3.# 


27^,3 


2M 


52.9 #3.3 3.8 


O.Sl 








ORTHO PHOSPHORUS 






TOTAL DISSOLVED PHOSPHORUS 




0.96 








0.32 


1.28 




0.#3 




0.72 




5#.0 


39.0 6.9 


0.2# 


1.02 


mj #8.S 6.5 


0.34 




0.69 




72.9 


20.9 6A 


0.23 


0.91 


63.3 30.3 6.# 


0.30 




♦ I = 


Dormant, 


cold-warming C3an.-Aprii); II = 


active (May- 


-August); III = dormant) 


, cooling-cold (Sept, -Dec.) 






** i Jn 


inffr liinft ni 


f VA tines = 


Beale Method. 1976 c 


«ilv 











#«* 



Middle line of values = NAQUADAT Method, 1976 only 

Lower line of values - NAQUADAT Method, 1975-1977 2-year mean 

Includes estimates - some watersheds had most concentrations below detection limit 



TABLE 3.12: 



Total 

Load 
T/yr 



*« 



Season 



I 
% 



i 
% 



NISSOURI WATERSHED UNIT AREA LOADINGS FOR 
PESTICIDES AND TOXICANTS (PLUARG, 197Sd) 



II 
% 



2,4-0 



»## 



Unit Area 

Load 

kg/ha/yr 



Total 

Load 
T/yr 



*» 



I 

% 



Season 



1 
% 



% 



Unit Area 

Load 
kg/ha/r 



ATRAZINE AND DESETHYL ATRAZINE 






0.030 




0.0 


80.0 20.0 


0.010 


8.68 


53.8 ^0.9 5.3 


2.89 


0.0S7 




' 13.8 


80.2 6.0 


0.018 


5.21 


62,8 31.7 3.5 


1.74 








1976 DDT 






DIELDRIN*** 




0.046 




82.6 


15.2 2.2 


0.015 


0.000 


m 0.0 0.0 


0.000 


0.053 




65.0 


20.9 14.1 


0.029 


0.000 


'fly© 0.0 0.0 


0.000 






ENDOSULFAN 






POLYCHLORINATED BIPHENYLS 




0,013 




98.5 


0.0 1,5 


0,004 


0.641 


82.5 11.1 6.^ 


0,214 


0.012 




100.0 


0.0 0.0 


0.004 


0.505 


76.^ 13.7 9.9 


0.168 


« 1 = 


1 Dormant, 


cold-warming (3an.- April); 11 = 


= active (May- August); III = dormant. 


cooling-cold (Sept. -Dec.) 




** I III 


M^i»r 1 irii» nl 


F \/'alii.Ae -' 


NAnilAnAT MAfhnH 


1 IQ7ft nnlw 









Lower line of values = NAQUADAT Method, 1975-1977 2-year mean 
*** Estimates only - many concentrations below detection limit 



TABLE 3.13 FREQUENCY OF OCCURRENCE AND CONCENTRATION 

OF ATRAZINE AND DESETHYL ATRAZINE 
IN STREAM, WATER, MAY 1975 - APRIL 1977 (PLUARG, 197Sb) 



Period Analyses Concentration Ranges (yg/1) 

May -April W 0-0.0# 0,0#^.09 0.1-1.0 1.1-10 10.1 Mean (SD) 



1973-76 


5^ 


* 


2 


37 


12 





1.0 (3.1) 


1976-77 


56 


1 


2 


38 


13 





0.S9 (2.1) 



%wO FIELD STUDY PROGRAM 

4.1 Scope 

The field study and monitoring program was designed to meet two objectives. Firstly to 
allow for a detailed investigation of agri-chemical and soil transport and fate, and 
secondly to provide the data required for modelling the system. In fact, the data 
requirements of these two objectives overlap considerably. 

The investigation of transport and fate processes requires that all major pathways and 
fluxes within the system be identified and assessed either directly through small scale or 
field level studies or indirectly through mass balance accounting wherever possible, 
SImilarily, creating model input and watershed discretization information in a 
deterministic modelling scheme requires the same direct or indirect approach to process 
definition. The field study and laboratory components of this study were directed to this 
end in a practical and comprehensive manner bearing in mind the experiences of others 
working this area and the constraints of the program. 

Field monitoring activities Included routine and regular monitoring of key parameters 
including surface water hydrology and water quality as well as several meteorological 

parameters within the watershed. This iniormation was used to build time series stores 
(TSS) used as input for the model and for model output evaluation. Model predictions 
provided the indirect assessment of material flux and mass balance. 

Less frequent or occasional measurements were made during the course of the study to 
determine key physical watershed character 1st ics» surface water hydrology, chemical 
state variables, land use practices and other factors which could be observed directly. 
This information was used to aid in discretizing the watershed, establishing the models 
Initial conditions and for checking predicted final conditions, estimating process 
variables, and assessing accurate automatic instrument calibration. 

The overall field program was designed at the onset of the study following discussions 
with the involved agencies and further refined during the course of the project. 
Continuity was maintained throughout in terms of sampling and monitoring sites and key 
parameters. 




Photograph #1; Station N# Monitoring Installation 



The following section provides a description of sampling and monitoring methods, sites 
and instrumentation as well as a summary of the resyltant database, 

%.2 Hydrology 

s 

4.2.1 Surface Water Hydrology 

The surface water hydrology monitoring network consisted of four automatic streamflow 
monitoring installations. Site locations are indicated on Figure 1.1 . The most upstream 
site, N# measured surface runoff from an area of approximateiy 170 hectares, largely in 
corn production. This station provided an opportunity to examine the surface runoff 
from a smallp clearly defined, headwater area in some detail. This scale is useful in 
model calibration as water quality and hydrology at this site showed a rapid and direct 
response to rainfall events. A tile drain outlet is located adjacent to a road culvert at 
this Site. The road culvert transmits the surface runoff from the area north of the 
township road and discharges it to an open channel which originates on the south side of 
the road. This is the most upstream section of Nissouri Creek. 

The sub-surface collector monitored here drains a smaller area. It discharges to the open 
channel through a separate culvert. The streamflow monitoring installation at 
Station N^ consisted of a 90^ V-notch weir box which collected the discharge from the 
road culvert (see Photograph #1) and therefore measured only surface runoff. The water 
level in the weir box was proportional to flow rate through the culvert according to the 
formula lor a 90*^ V-notch weir. 

A stage plate affixed to the inside of the weir box was used to indicate water level which 
was referenced to an arbitrary datum, (a local bench mark served as the arbitrary 
datum). The weir had a maximum flow capacity of 0,2m^/s, It was constructed of wood 
and had a metal edge on the V-notch. The theoretical relationship between flow rate and 
water level for this device was verified by direct measurement. Water was pumped into 
the weir box and the discharge was timed and collected in a graduated container after a 
steady state water level was obtained. The theoretical stage discharge curve for this 
device is illustrated in Figure %,2, 
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Photograph #2: Station N3 Monitoring Installation 
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Flow Monitoring and Surface 
Water Sampling Sites 
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Figiifie 4.2 Station N4 Stage/Discharge Curve 
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Figure 4.3 Statioii N3 SlageiDischarge Curve 




An ISCO model 1870 recording flow meter was installed in a weather tight equipment 
shelter near the weir box. The flow meter was programmed to measure water level 
above the bottom of the V-notch and to convert that water level to a flow rate according 
to the theoretical equation for a 90^ V-notch weir. This instrument was also used to 
signal and "trigger" a sequential water sampler instailed at this site (see Section 4.3,1). 
This equipment was initially installed on 17 April 198^ and was operated during the 
ice-free seasons throughout the study, fable 4.1 lists the period of operation at this 
station. During the first month of operation, a Stevens F type water level recorder was 
used at this site. 

Station N3 (see Figure 4,1) was located near the mouth of the eastern branch of the 
drainage system which drains an area of about 476 hectares in addition to the N4 
drainage area. The instrumentation was located at on Oxford County Road #16 overpass 
beside a deep channel. Dense weed growth distorted the stage/discharge relationship at 
this station in 1984 and so a raised artificial control was placed in the channel on April 
12, 1985. Concrete blocks were buried across the streambed downstream of the old stage 
plate and stilling well inlet. A second stage plate was located near the artificial control 
and has been correlated with stage heights from the original plate. Both stage plates 
were referenced to a nearby bench mark, 

A Guelph-type shelter housing a Stevens A-71 type water level recorder was set atop an 
inverted 0,800m HEL-COR pipe buried into the west creek bank to act as a stilling well 
(see Photograph #2). This stilling well was fitted with an auxilliary inlet and valves for 
flushing. This station was operated during ice free periods as indicated in Table 4.1. 

The N3 installation was checked routinely (every 2 weeks) and serviced if necessary. It 
required very little adjustment. The stilling well was flushed ocassionally to expel 
sediment from the inlet pipe. 

A stage/discharge relationship was established for this site from repeated flow 
measurement. Flow measurements and observed stage plate water levels appear in Table 
4,2 and the relationship obtained appears in Figure 4,3. Despite installation of an 
artificial control section it was found that adjustments to the stage/discharge 
relationship were still necessary to account for plant growth during the late spring and 
summer periods. Two stage/discharge curves were developed for this site; one for times 
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Photograph #3i Station N2 Monitoring Installation 
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TABLE #.1 PERIOD OF OPERATION OF AUTOMATIC STEEAMFLOW MONITORING STATIONS 



Strntioo # 



Period of Operation 



.Instrymefit Type 



Nl 



N2 



N3 



m 



June 19, I9m - December 22, 1986 



June 18 - December 21, 19Sft 
April 11 - December «, 1985 
March 26 - December 22, 1986 

June 19 - December 21, 198^ 
April 12 - December 4, 1985 
March 26 - December 22, 1986 

May 17 -3une 17, 198* 
June 17 - December 21, 198* 
April 12 - December *, 1985 
April 2 - December 22, 1986 



Stevens A-71 Recorder, 
ISCO 1870 Flow Meter 

Stevens A-71 Recorder 
Stevens A-71 Recorder 

Stevens A-71 Recorder 

Stevens A-71 Recorder 
Stevens A-71 Recorder 
Stevens A-71 Recorder 

Stevens F-Type Recorder 
ISCO 1870 Flow Meter 
ISCO 1870 Flow Meter 
ISCO 1870 Flow Meter 



TABLE %^ STREAMFLOW MEASUREMENTS, im^iSU 



St^ge Ht, . Flow Rate 

Station Date (in) (in^/sl 



Nl 1S/05/S4 0.187 0.147 

WQ5m 0495 0.131 

08/06/S* 0*232-0.2*0 0.1^43 

30/1 1/8# 0.210 0.257 

12/12/84 0.27S 0.647 

21/12/84 0.230 0.283 

12/04/85 .334 0.458 

22/05/85 .230 0.105 

27/05/85 ,280 .257 

19/06/85 _ 340 .452 

04/07/83 .220 .054 

08/07/85 .270 .164 

12/07/85 .325 .290 

12/07/85 .300 .218 

24/07/85 .211 » .039 

26/08/85 .440 .864 

05/11/85 .534 2.18 

06/11/85 ' .430 .922 

08/01/86 .300 .386 

04/03/86 .260 .168 

13/03/86 .%90-.498 1.90 

22/04/86 .370 .835 

11709/86 .445-.455 1.08 

25/09/86 .318 .33* 

05/11/86 .292 .257 

N2 18/05/84 .143 .063 

08/06/84 .160 .079 

06/07/84 .390-.368 .288 

01/11/84 .078 .031 

12/12/84 .250 .194 

12/04/85 .218 .129 

27/05/85 .148 ' .117 

19/06/85 .205 .1*2 

08/07/85 .055 .034 

imims ,016 .010 

24/10/85 ,203 .062 

05/11/85 .500 .386 

06/11/85 .390 .196 

22/04/86 .416 .178 

11/09/86 .380 .281 

25/09/86 .108 .071 



TABLE #^ STREAMFLOW yEASUEEMENTS, 19S%-19S6 (coiifd.) 



Station 



Date 



Stoge Ht. 

Cm) 



Ftow Rate 
(m^/s) 



m 



05/11/86 
16/12/S6 

mmm 

OS/06/S^ 
06/07/8# 
06/11/84 
15/11/84 
30/11/8^ 

iimm 

22/05/85 

nmm 

19/06/85 

mmm 

OS/07/85 
24/07/85 
24/10/85 
05/11/85 
06/11/85 

iimiu 

11/09/86 
25/09/86 
05/11/86 
16/12/86 



•09% 
.112 

.160 
.2#0 
J90.J45 
•325 
.430 
.310 
.286 
.183 
.185 
.370 
.202 
.228 
.175 
.289 
.580 
.*18 
.300 
.446 
.280 
.2#2 
.250 



.072 
.0775 

.036 
.09% 
1.410 
.050 
.151 
.043 
.095 
.022 
.029 
.115 
.020 
.036 
.020 
.052 
.358 
.164 
.150 
.148 
.060 

Mm 

.065 



m 



lS/05/84 



,161 



.000002 



when there was significant biomass in the channel, and one for times when biomass was 
minimal. Flow rates were determined from water level records using one of these curves 
or an intermediate vaiue for transition periods when plant growth or die off was most 
active. This method resulted in realistic flow rates when total daily flows were 

compared with the same from station N2, 

Station N2 was located on the main tributary of Nissouri Creek at a more westerly 
Oxford County Road #16 overpass downstream of a drainage area of 830 hectares. This 
station was similar to N3 in that it consisted of a Stevens A-71 water level recorder atop 
a stilling well connected hydraulically to the creek upstream of a natural control point 
(see Photograph #3). The stilling well used here was the same well used in PLUARG 
related studies. 

The period of operation of this station appears in Table #.1. The flow measurements 
made at this site are included in Table 4.2 and the stage/discharge curve Is illustrated in 
Figure f*A. The well was occasionally flushed and the water level recorder was checked 
routinely (at least every 2 weeks). This Installation was very stable, demonstrating no 
significant stage shifts during the course of the study. 

Station 1 was the most downstream monitoring location. The runoff measured at this 
site drains most of the watershed (about 3,090 hectares). The flow monitoring 
instrumentation at this station was equipped to operate continuously throughout the 
year. This site was used in the PLUARG study and flow records are available from April 
1975 to November 1977 (PLUARG, 197ge). 

A stilling well and shelter, identical to that at N3, was located on the northwest corner 
of the bridge on Concession 1#, Lot 11 (see Photograph #4). The stilling well inlet was 
upstream of a natural control point in the stream. A stage plate was affixed to the 
concrete bridge abutment and was referenced to the same bench mark used In the 
PLUARG study. 

The equipment shelter and inlet pipe to the well were electrically heated to ensure 
continuous winter operation. Water level was recorded with a Stevens A-71 water level 
recorder, and flow rate was recorded with an ISCO Model 1S70 flow meter. The ISCO 
flow meter was used to signal and trigger the automatic sequential water sampler at this 
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Photograph //#: Station Nl Monitoring Installation 



Figure 4.4 Station N2 Stage/Disctiarge Ciffve 
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Figure 4.5 Station Nl Stage/Disch,arfe Curve 
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station, as well as providing a backup flow record. This installation was in continuous 
operation from 19 June 19S^ until 22 December 1986 (see Table ^.i). 

Flow measurements were made at this site on several occasions to improve and upgrade 
the stage/discharge curve. The relationship was found to be quite different from that 
determined in the PLUARG study and it was observed to shift annually during this 
study. Table ^.2 and Figure #.5 list flow m,easurements and illustrate the observed stage/ 
discharge relationship respectively. All of the flow rate measurements made from 1984 
to 19S6 are shown in Figure 4J. Only the 19S6 stage/discharge curve has been shown. 
The stage shift from 1984 to 1985 was quite pronouncedj in the order of 10 cm, while the 
shift from 19S5 to 1986 was minimal at about 2 cm. 

In terms of performance the flow meters and water level recorders operated quite 
reliably. The Stevens A-71 water level recorders operated trouble-free throughout the 
entire study with one exception. The Station N2 recorder malfunctioned for a short 
period in 1985 probably due to an overwound clock. The ISCO 1870 flow meters also 
operated reliably but required minor recalibration on a regular basis (ie. monthly) and 
occasional cleaning of the bubbler tubes. 

Tables 4.3 and 4.4 list summary information for the four streamflow monitoring sites 
Including maximum and minimum flow rates for the period of record as well as monthly 
total flows and annual total runoff for Station Nl for 1985 and 1986. The 1984 record 
has not been analyzed in detail, nor have adjustments or corrections been made for 
missing records or stage shifts. The 1984 monitoring period was used as a period for 
'trouble shooting' and establishment of practices and protocols and was not used in 
miodelling,. We therefore provide no detailed analysis of this period. 

Actual daily total streamflow for the 1985-86 period of record are included in Appendix 
C. Figures 4.6 to 4.9 illustrate dally total streamflow for all four stream monitoring 
sites. 

4.2.2 Groundwater 

Three piezometer nests were installed' in the Nissouri Creek Watershed during the study 
at the locations indicated in Figure 4.10. Each nest consisted of three piezometers 
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TABLE #.3: 



MONTHLY AND ANNUAL STREAMFLOW SUMMARY, 1983-S6 



Station # 



Nl 



(m^ X 10^) 



N2 N3 

Stream Flow 
(m^ X 10^) (m^ X 10^) 



N^ 
(m^) 



Period 



1985 - Oanuary 


2.19 


February 


6.28 


March 


6,62 


April 


2J3 


May 


.249 


June 


.492 


July 


.249 


August 


.284 


September 


.327 


October 


1.03 


November 


2.5g 


December 


1.44 


AnnimL Total 


2%.%7 


19S6 - January 


1.31 


February 


.798 


March 


2.97 


April 


.829 


Miay 


.589 


June 


.389 


July 


.375 


August 


.375 


September 


1.35 


October 


i.71 


November 


.855 
O.fS^ 


December 


Anniml Toimi 


12^1 



,090 
.123 
.051 
.059 
.063 
.270 
.624 



.220 

.198 

.117 

.112 

-094 

.407 

.412 

.213, 

.348- 



,053 
.134 
.050 
.048 
.049 
.111 
.473 



.189 

.134 
.091 

.131 

.110 

•371 

.308 

,205. 

.332^ 



S.66 

910.0 

93.7 

70.7 

18.6 

135,5 

407.0 



62.8 
184,0 
219.0 
222.0 
300,0 
461.0 
146,0 
35.6 
82,5 



- not available 

* - estimated for 31 lays (decommissioned on December 21) 
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TABLE %.# STREAMFLOW EXTREMES, 19SJ-19S6 



Station 



Max i mum Instantaneous 
Flow Rate Cmr/s) 



M inimum Instantaneous 
Flow Rate (m^/s) 



Date 



Nl 



N2^ 



N3^ 



N4^»2 



19.45 
6.27 
.606 
.ES6 
.872 
2.03 
,055 
.0*2 • 



.02 


Feb. 2*, 1985 
Aug. *, 19S5 


JJ 


March 19, 19S6 
3uly 11, 19S6 


,00* 


Nov. 10, 1985 
Aug. *, 19E5 


.009 


Sept. 30, 19S6 
July 11, 1986 


.00* 


Nov. 10, 1985 
Aug. *, 1985 


.019 


Sept. 30, 1986 
July 1, 1986 





June 17, 1985 
Aug. *, 1985 





July IS, 1986 
July 11, 1986 



1 



- April - December only 



^ - surface runoff only 
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Figure 4.6 StatiO'n N4 Observed Total Daily Surface Runoff ,8 5-86 
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Figure 4.7 Station N3 Observed Total Daily Flow, 8:5-86 
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Figiire 4.8 Station N2 Observed Total Daily Flow, 85-86 
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Figure 4.9 Station Nl Observed Total Daily Flow,85-86 
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extending to iepths of 1.2, 1.8 and 2.^ melres. The piezometers are made of 1 1/2" 
polypropylene pipe and 0.25mm slotted PVC well screens (0.6m in length) capped at the 
bottom and top. The wells were packed with clay above the top of the slotted portion to 
eliminate contamination of groundwater samples by seepage from the surface layers. 

Two piezometer nests were installed on W September 198^ and a third was installed on 
3 July 1985, 

The piezometers were primarily installed to allow for groundwater sampling. However, 
groundwater levels were recorded in the piezometers as a general indication of the 
amount of groundwater storage later In the study. Observed groundwater levels are 
listed in Appendix C, Groundwater quality is discussed in Section ^.3. 

^.2.3 Tile Drains 

Four selected tile drain outfalls have been included in the hydrologic monitoring. The 
area drained by each sub-surface collector aind the location of the outfall sites are 
identified on Figure %.1L Tiles numbered Tl, T3 and T% drain areas which have largely 
been underlain with a systematic drain system and therefore all of the interflow 
component Is transported via these collectors. Drain T2 provides drainage in a random 
pattern over a small area. 

Spot flow measurements were made at these four outfalls on a variable schedule. 

Individual observed flow rates are listed in Appendix C. Most tile drains were observed 
to flow continuousiyi: however,, drain flow decreases rapidly within *S hours following a 
precipitation event. This information was used In model evaluation to assess the relative 
contributions and timing of tile drain flow, 

^.2,# Time of Travel 

Time of travel measurements were made on two occasions to allow for an approximation 
of stage-area-volume-discharge relationships for watershed reaches. These relationships 
are required input for HSPF Ccalled F-Tables) and are used to route pollutants and to 
determine instream physical process rates. 
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FIGURE 4.11 
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Table #J lists the pertinent information gathered from the two time of travel 
measurements. F-tables were developed by estimating time of travel between 
monitoring stations for the flows which occurred during measurements and at other flows 
by extrapolation using the stage/discharge curves at the monitoring stations. The 
resyltant F-tables are approximate but sufficiently accurate for the purpose of this 
study. 

%.3 Water Quality 

4. 3.1 Surface Water Quality 

Surface water sampling and analysis, In conjunction with streamflow monitoring, Is the 
primary method by which total soil, phosphorus and atrazine mass transport has been 
accounted, 

mi 

Surface water sainples were collected at the four streamflow monitoring sites, Nl to N* 
(See Figure #J), thus allowing calculation of loadings for events and interevent periods 
for catchment scales ranging from 170 to 3090 hectares. Each site was equipped with an 
automatic sequential water sampler with a shrowded Inlet tube fixed in the active 
portion of the streambed. 

Samplers were of the ISCO 2100 or Manning type which can be programmed for various 
sampling schemes. These instruments proved to be highly reliable in this study. At 
station Nl an ISCO 2100 ampler was interfaced with an ISCO 1870 flow meter. The 
flow meter was set to "trigger" the sampler to take samples on a flow proportional 
basis. That is, a discrete subsample was taken after each time that a designated amount 
of water had been measured to have passed the station. This scheme results in the 
collection ol a higher number of equal volume subsamples during the peak periods ©f the 
hydrograph. Mass flux for any parameter for the entire event Is then calculated by 
simply multiplying the flow proportional composite sample concentration by the total 
flow observed. Pollutographs or chemographs cannot be constructed from this 
information but sample analysis costs are minimized without sacrificing loading data. 

The ISCO flow meter at station Ni was programmed with the stage/discharge curve for 
that site (see Figure #.5) so that direct and continuous estimation of flow rate was 
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TABLE %.5 



TIME OF TRAVEL MEASUREMENTS 



Date 


Dye 
Dymped At 


Monitored 
At 


Distance 
Travelled 

Cm) 


Time to 
Centroid 

Ch) 


10/06/86 


Coinicessloin 1% 
bridge 


Stn. Ni 


3,350 


6.0 


16/12/g6 


Meteorological 
Station 


Stn. N3 


3,0i00 


9.0 



Average 

Flow Rate at 

Monitoring Site 

ImTs) 

0.22 



0.033 



Volum-e 
of Rga,ch 

^320-%970 

972-1135 



achieved. The program for this site was modified annually to account for changes in the 
stage/discharge relationship. All equipment was powered by 110 volt service and was 
heated by cables and light bulbs during the winter months for full year operation. A 
similar scheme was employed at station N4. At N#, an ISCO 1870 was programmed with 
the V-notch weir equation and used to trigger an ISCO 2100 sampler to take samples 
from the weir box. This scheme was most applicable at this site due to the rapid 
response and intermittent nature of surface runoff. Ail equipment was battery powered 
and operated during ice-free periods only. 

Stations N2 and N3 were equipped with ISCO 2100 or Manning samplers programmed to 
take up to 2# discrete samples on a regular time interval over the course of an event. 
Following the event, the mass of flow represented by each discrete sample was 
determined from the water level recorder chart. One to three composite samples were 
then prepared from the discrete samples on a flow proportional basis. That is, a 
subsample volume was taken from each discrete sample where the volume of subsample 
was proportional to the mass of flow represented by that sample. In effect, this scheme 
produces flow proportion samples as at stations Nl and !SI%, 

Approximately fifteen runoff events were sampled in this manner each year. On one or 
two events per year a set of discrete samples collected at stations Nl, N2 and N3 were 
sybmitted for analysis. These M.mples were used to construct chemographs for the 
event. An example chemograph for the event of 3une 17-19, 1985 is presented in Figyre 
».12. 

Interevent samples were taken at least once per month at stations Nl, N2 and N3 
throughout the study and these were used to estimate baseflow loadings for key 
paramaters. These samples were grab sampled from the centre of the itream at each 
Stat ion, AU samples were preserved at #^C and were delivered to the MOE laboratory 
(Rexdale) and the OMAF pesticides laboratory CUniversity of Guelph) within 4S hours of 
collection. No chemical preservations were used. All standard handling protocols were 
observed. The MOE laboratory analyzed the samples for the following parameters: 

o conductivity, 

O' potassium, 
o chloride, 
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FIGURE 4.12 



Event Hydrograph and Chemograph 
(June 1985) 



o sulphate, ' • 

o particulate residue, 

total phosphorus, 

© soluble reactive phosphorus, 

o unfiltered total KJeidahl nitrogen, 

o ammonia, 

o nitrates, and 

o nitrites. 

This study used only the suspended sediment and phosphorus data from this group. 
Remaining parameters were anaiysed for historical purposes. 

The OMAF iaboratory anaiysed samples for atrazine and desethylatrazine. Other 
pesticides were identified in some samples and further determination of a variety of 
pesticides Is still possible using the gas chromatograph scans. 

The results of suspended solids, total phosphorus and atrazine analyses for the four 
surface water stations were used to calculate daily loadings by multiplying 
concentrations by streamflow. Some composite samples represented runoff event periods 
ranging from a few hours to two days. In these cases an estimate was made of the period 
represented by a sample and a daily load was calculated by combining two or more short 
duration loads or using a fraction of a long duration composite load estimate. The result 
of this analysis is a set of time series records of daily loadings at the four stations for 
suspended sediment, total phosphorus and atrazine. Typically, 60 to 70 daily loads were 
calculated per year with a higher frequency of data in the summer months. Fewer dally 
volumes are available at station N4 since this station measured only surface runoff and 
surface runoff events were infrequent. More than half of all actual significant runoff 
events have been inclyded in our sampling thus more than half of the actual annual 
loadings were observed. These date are used to compare with and evaluate predicted 
loadings from modelling. 

Appendix D contains a listing of 1985 and 1916 estimated daily loadings of suspended 
solids, total phosphorus and atrazine. Table 4.6 summarizes the extremes of daily loads 
observed for these three parameters for the same period. 



mioa 43 



TABLE *.6 


SUMMARY OF DAILY LOADING EXTREMES 1 OR SUSPENDED SOLIDS, TOTAL PHOSPHORUS AND ATRAZINE 


Surface Water 
Ouality Station 


Catchment 
Area 
(ha) 


Suspended Solids 

Minimum Maximum 

Daily Load Daily Load 

(kg) (l<g) 


Total Phosfihorus 

Minimum Maximum 

Dally Load Daily Load 

(kg) (kg) 


Atrazine 

Minimum Maximum 

Daily Load Dally Load 

(kg) (kg) 


Nl 




3,090 


5.6 


82,601 


.09 


2m 


.001 


2.47 


N2 




830 


o.# 


13,920 


.02 


62.0 


.001 


.252 


N3 




640 


1.0 


12,106 


.01 


mj 


.001 


.820- 


m» 




170 


.02 


237A 


.00004 


3.18 


.0006 


.062 



♦Surface runoff only 



Some trends are apparent in the relative proportions of soluble reactive phosphorus (SRP) 
and total phosphorus (TP) observed in tile drain samples and in stream water samples. 
Table #.7 summarizes average total and soluble reactive phosphorus concentrations found 
in Station Nl samples as well as the four selected tile drains. Station Nl phosphorys data 
is also divided into event and interevent time periods. All tile drain runoff is event 
related. The SRP/TP ratio is listed for all sites. Clearly, the majority of Station Nl 
phoshorys is not the soluble reactive form and it can be assumed that most of the non- 
soluble reactive phosphorus is in a particulate form, either attached to soil or bound with 
organic materiai. 

During the interevent periods when streamflow originates from groundwater and tile 
drainage the SRP fraction dominates the total phosphorus in the receiving water. Since 
the SRP fraction does not include all of the soluble phosphorus (i.e., other forms of 
soluble phosphorus Include dissolved organic phosphorus and polyphosphates) it can be 
assumed that the SRP values reported here are underestimates of total soluble 
phosphorus. Therefore, during interevent periods the stream phosphorys is largely in a 
soluble form. 

During event periods when surface overland runoff occurs, the SRP/TP ratio is much 

lower indicating that much more part icy late phosphorus Is present. 

The tile drain SRP/TP ratio varies from drain to drain with a weighted average of 0.50, 
This value clearly matches the Interevent SRP/TP ratio of 0'.33 for Station Nl. 

Th,ese trends are confounded by initream processes such as streambank erosion and 
resuspension of settled material as well as plant growth and die-off which tend to modify 
the partition between sub-surface soiuble phosphorus supply and surface soil-attached 
and organic phosphorus supply, 

A m,ore defmite link between stream, water quality and meteorological events is 
presented in Section 5,7 upon review of modelling results, 

Quaiity assurance/control studies were conducted in 1985 to assess the following factors: 
ft the potential for cross contamination between automatic sampler bottles 
during a ^mpling period, 
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TABLE %.J SUMyARY OP TOTAL AND SOLUBLE REACTIVE PHOSPHORUS FOR WHOLE WATERSHED TILE DRAINS, 19S4-S6 



# of Samipies 

Average Total Phosphorus Concentrttion (TP) (mg/l) 

Average SQluble Reactive Phosphorys Concentration (SRP) (mg/l) 

SRP/TP 

Interevent Average TP (mg/L) 
inter event Average SRP (mg/L) 
Interevent SRP/TP 

Event Average TP (mg/L) 
Event Average SRP (mg/L) 
Event SRP/TP 



Station Nl 



133 



Tl 



39 



Tile Drain Oytlets 



T2 



IJ 



T3 



m 



T% 



W 



305 


,02« 


.069 


.139 


.06# 


.070 


.009 


.060 


.091 


.021 


.23 


.39 


.87 


.65 


.33 


.041 


'«i 


- 


»<!■ 


rWi 


.022 


■•«• 


- 


j« 


W 


.53 


Hi 


- 


•• 


-, 


.396 


M 


- 


,« 


it*' 


.0S7 


m. 


1^ 


^ 


t«^': 


.22 


«■<■ 


~ 


»* 


•*, 



o the rate of biochemical decay in atrazine samples during a sampling period, 

and 
o the potential for cross-contamination of samples in the automatic sampler 

caused by the sampler's delivery system. 

In these tests, cross-contamination in the automatic samplers was found to be 
insignificant, while short-term atrazine sample stability was found to be adequate within 
the time frame of sample collection and delivery. A description of tests conducted and 
their results is presented in Appendix I. 

4.3.2 Groundwater Quality 

In order to assess the potential for contamination of ground water by atrazine and to aid 
in estimating the rate of movement of atrazine to streams via baseflow, groundwater 
atrazine samples were taken from piezometers (see Figure 4.1 D) on a regular basis. 
Results of groundwater atrazine analyses are listed in Appendix D. In summary of this 
data, atrazine was detected in 44 of 153 samples collected. Piezometer PI (see Figure 
4.10) had very low levels with only ten positive results out of 74 samples. The maximum 
concentration at this site was 0.22 ug/1 at the 1.2 metre level. Piezometer P2 had 14 
positive results out of 46 samples. The maximum level was 0.41 ug/l at the 1.8 metre 
level. Piezometer P3, located adjacent to the field selected for atrazine decay studies 
by MOE in 19S5 had the highest atrazine levels. This site had 22 positive results out of 
32 samples. The maximum concentration detected was 210 ug/l from the 2.4 metre level 
in mid 3uly. A second high atrazine concentration of 42 ug/L was detected at this site 
two weeks later. Samples taken from the two shailower piezometers at this site did not 
contain abnormally high atrazine levels. One possible cause for the very high atrazine 
concentrations at this site is that atrazine may have moved through a soil fissure or 
'macropore' near the piezometer and into the groundwater. An accidental spill near this 
area could also contrtoute to a high sporadic groundwater value. 

These results indicate that the presence of atrazine In groundwater is relatively rare and 
generaily low In concentration. All piezometers sampled are near cornfields and 
therefore are likely to be near atrazine applied areas. These results therefore represent 
the worst case. It is also apparent that atrazine is mobile In the soil column and can 
percolate in a soluble form to the groundwater zone. Groundwater is therefore a source 
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of surface water contamination by atrazine. The relative contribution of atrazine from 
groundwater to the Nissouri Creek is discussed in Section 5J upon review of model 
pr edict ion s- 

^,3.3 Tile Drain Outfall Quality 

Tile drain outfall samples were collected frequently and analyzed as a means of 
estimating the importance of the sub-surface drainage network to soil, phosphorous and 
atrazine transport. Four selected tile drain outfalls (See Figure ^.11) were grab sampled 
following events. Appendix D contains summaries of water quality results for suspended 
solids, phosphorus and atrazine found in the selected drains. 

The relationship and trends observed between soluble reactive phosphorus and total 
phosphorus has been discussed' earlier. Suspended solids were detected at very low levels „ 
In tile drains on most occasions. However, high levels of 100.5 and 625 mg/L were 
detected in two different tiles In 1986, It is possible In these cases that there were soil 
fissures or drain cracks which allowed eroding soil to enter the sub-surface drainage 
network during surface runoff events. Average values were sufficiently low that it can 
be concluded that tile drain outflow Is not a significant pathway for eroded soil except in 
extreme cases or where damage to the system has occurred. 

Total phosphorys levels in tile drain outflow were generally low with minimum, average 
and maximum levels of 0.002, 0,04J and 1.51 mg/L respectively. Higher levels were 
found associated with high suspended solids concentrations following major storms 
indicating that some soil erosion into the drain had occurred. While total phosphorus 
levels m the tile drain outflow were relatively low, this pathway is a significant 
component of the total phosphorus flux during base flow periods. The discussion of 
modellirig results in Section 3 J aids In placing this component into perspective. 

Atrazine was found in 13% of the 14% tile drain outflow samples ta^en. This reinforces 
the earlier observation that atrazine is mobile In the soil matrix. Measured atrazine 
concentrations ranged from non-detectable to S5 ug/L. The maiorlty of samples had 
atrazine concentrations below 5 ug/L. In general, atrazine concentrations rise 
substantially after May and remain higher through 3une and July than during the fall and 
winter months. Tile drain outflow Is a significant pathway for atrazine movement to the 
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watercourse, especially during the symmer months. This fact will be reinforced in 
Section 5 J upon review of modelling results, 

%,* Meteorology 

Precipitation, which results in surface runoff and percolation through the soil column to 
the sub-surface drains and groundwater table is the primary driving force behind soil and 
agri-chemical migration. Other meteorological parameters affect rates of evaporation, 
snowmelt, soil temperature and infiltration rates, biochemical degradation rates, 
volatilization rates, and crop development. These are all important natural processes 
which affect the state of water, soil and chemical components in the watershed. 

Meteorological parameters are highly variable, both spatiaily and temporally, 
necessitating intense monitoring. BEAK, therefore established a continuously recording 
weather station (Cllmatronics Inc.) in the watershed for the duration of the study at the 
site indicated in Figure %.13. This station measured and recorded the following 

paramaters: 

o rate of rain (and snow), 

o total precipitation, 

o wind speed and direction, 

o evaporation, 

o air temperature, and 

o solar radiation.. 

Rate of rain was measured by a tipping bucl<et rain gauge and evaporation was measured 
using a Sierra Misco model 3004 wet bulb type of gauge. This latter Instrument proved to 
be troublesome and unreliable. Evaporation records were eventually developed from long 
term records for the London area. All parameters (except evaporation and total 
precipitation) were continuously recorded on chart paper and on magnetic medium using 
a Climatronics Cassette Data Acquisition system. Total rainfail was recorded manually 
for each gauge on each service visit (about once every I0-1# days). 

In addition to the weather station, two more rate of rain Ctipping bucket) gauges were 
installed in the watershed (see Figure #,13) to provide the spatial density necessary to 
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accyrately estimate rainfall. Rainfall is often spatially very heterogeneous, especially 
during thunderstorms. Each rate of rain instrurnent was accompanied by a standard rain 
gayge for total precipitation measurennent. Three other standard rain gauges were 
strategically located around the watershed as indicated in Figure 443 early in 19S5 for 
the remainder of the field program. 

The main weather station operated 12 months per year with a heated rain gauge to 
estimate snowfall rates. It is recognized that these gauges do not accurately capture 
snowfall for many reasoos. The resultant record was used as an indication of snowfall 
frequency and was factored to reflect spring runoff volumes. All other rain gauges were 
removed during the winter months. 

Instrument malfunctions were relatively Infrequent. Some rate of rain data was lost due 
to mechanical breakdown and/or vandalism. The periods of record were filled by using 
the data from a nearby gauge. Vandalism resulted in the loss of the entire weather 
station in the summer of 19S4, The Instruments were replaced within sixty days and 
meteorological data from the London area AES (station #61*4*75) were acquired for 
substitution of the lost records. All other gaps in the record were filled with London 
airport weather data. 

All rain gauges are subject to underestimation errors due to winds and edge effects. 
Tipping bucket gauges are subject to additional mechanical and/or calibration error. It 
was therefore necessary to adjust the rate of rain gauge records upwards to estimate 
snowfall rate. The method recommended by Go'Odlson (1977) for snow catch 'estimation 
was used to correct the records compiled In this study. As a further refinement , the rate 
of rain gauge records were factored so that dally total rainfall agreed with that 
measured by the standard rain gauges. 

Instruments were sited and installed to comply, as much as possible, with AES 
guidelines. Rate of rain gauges were recalibrated in BEAK's laboratory annually. 

Table #.S summarizes the monthly and annual total precipitation for the three tipping 
bucket rain gauges for the 1985-86 period. Long term precipitation normals for 
Woodstock are also shown for comparison. Considerable discrepancy escists between 
gauges and in terms of the annual totals emphasizing the spatial and temporal variability 
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TABLE *.S 


PRECfflTATION DATA SUMMARY, IfSJ-lSSS 








* 


Precipitation (mm)^ 




Long Term 

Normals 


Month 




TB-1 


TB-2 


TB-3 


(1950-81)* 


1985 


January 


,M 


81.8 


'<v 


60.2 




February 


- 


39.7 


- 


49,9 




March 


- 


137.3 


- 


70.1 




April 


57.6 


48.0 


54.3 


76.2 




May ■ 


55.3 


49.5 


57.4 


64.8 




June 


93.8 


97,7 


103.0 ' 


82.0 




July 


80.0 


72.5 


84.5 


75.4 




August 


IW.O 


77.6 


105.0 


88.4 




September 


59.0 


54.2 


43.0 


74.2 




.:)ctober ■ 


130.0 


110.0 


92.3 


73.7 




.^iovember 


256.2 


147.8 


156.7 


71.7 




December 


186.1 


149.6 


149.6 


74.9 


Annual Totar 


1,290 


1,066 


1,104 


861.6 


19S6 


January 


«; - 


13,8 


m. 


60.2 




February 


_ 


42.7 


-., 


49,9 




March 


34,1 


33.3 


33.3 


704 




April 


60.S 


4S.3 


59.0 


76.2 




May 


620 


70,8 


66.1 


64.8 




June 


10S.0 


iftwJ 


86.4 . 


82.0 




July 


124.0 


108.0 


114.0 


75.4 




August 


92.5 


86.0 


89.3 


88.4 




September 


215.0 


167.0 


177.0 


74.2 




October 


57J 


64.8 


64.6 


73.7 




November 


31.5 


31.9 


34.8 


71.7 




December- 


94.0 


78.9 


104,0 


74.9 


Aniiual Total ^ 


937.0 


829.0 


8S5.0 


861.6 



^ - all precipitatiofi has been converted to water equivalent assuming snow density of 
O.i, Snow catch has been corrected for undercatch and the entire record has been 
corrected to agree with standard rain gauges. 

2 - TB-1, TB-2 and TB-3 until December 21, 1986 only. 

- - Annual totals for TB-1 and TB-3 have been calculated using TB-2 records for winter, 

* - Woodstock AES station. 



of this parameter. It Is interesting to note that the observed precipitation in October 
and November of 19E5 and September of 1986 were well above normal while precipitation 
for the winter of 1986 was below normal. Total precipitation over the 19S5-S6 period 
was about 18% above the long term normal for 1950 to 198i. More recent climate data 
shows higher annyal rainfall in the i980's, similar to the results observed here. Figure 
4,1^ illustrates the daily total precipitation recorded at the main meteorological station 
from 1983-86. The abnormally wet periods observed in the latter periods of 1985 and 
1986 are clearly outstanding in this figure. Table 4.9 lists some extreme data for 
precipitation, air temperature and wind speed. Figyres 1,15 to 4.17 illustrate daily 
average wind speeds, air temperatures and total dally solar radiation respectively for the 
same period. Time series meteorological information Is listed in Appendix E. 

%Ji Lmtd Use 

Land use within the Nissouri Creek Watershed is largely agricultural with about 13% in 
other uses. These other uses include roadways, residential lots, forested areas or swamp, 
and idle land. OMAF has mapped Oxford Coynty land use using a field map system with 
7 different categories and 12 non-system land uses. This scheme recognizes that 
agricultural land is subjected to cropping on a rotation basis. That is, a particular field 
can be planted with different crops In different years and lay fallow one in four or five 
years. This system is appropriate for use In long term assessments of the effects of 
agricultural activity on soil loss and agrl-chemical migration over large areas where land 
use tends to remain the same on average. However, in this study, detailed information 
regarding crops and chemical usage on a farm by farm basis was necessary for accurate 
model calibration. Clearly, if fields normally planted in row crops were left fallow 
during one year of the study, then runoff would display a significant change in volume 
and chemistry from years when row crops existed. 

BEAK undertook aerial surveys of the watershed in 1985 and 1986 to photograph the area 
In full crop canopy. Ground truthing was conducted at the same time and detailed maps 
of fields and crop type were prepared. This scheme was limited to three specific land 
use types including corn, other crops (mainly mixed grains and soybeans), and non crop 
areas (including pasture, idle, roads, residential, forest and swamp). Corn fields were 
clearly identifiable from the aerial photographs which had a scale of about 1:20,000. 
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Photograph #5: Aerial Photographs of Nissouri Creek Watershed Land Use 



,. f- ? 



Figyre 4.14 Daily Total Precipitation at Meteorolog 
Station TB-2, 1985-1986 
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TABLE %.9 



EXTREME METEOROLOGICAL EVENT DATA, i9S5-S6 



Precipitotiofij 

Maximum Rainfall - one day (mm): 



1955 - 59.3 (Aug. 26) TB-1 

1956 - 83.9 (Sept. 10) TB-1 



Maximum Rainfall intensity tmm/hr): 



1983 - 25.0 (Aug. 26) TB-1 and TB-3 
19S6-23.S(Sept. 10) TB-i 



Longest Period Without Precipitation; 



1985- 12 days (Feb. 1 = 12) 

1986- U days (Nov. 12-25) 



Air Temperature 

Highest Temperature (©C): 



1985 ~ 2&A (Sept. 7) 

1986 - 29.7 (May 29) 



Highest Daily Average Temperature (^C)s 



1985 - 22.9 (Sept. 7) 

1986 - 2^.4 (July 18) 



Lowest TeiTiDerature C°'C)s 



1985--25(aan. 21) 
1986 --21.8 (Jan. 15) 



Lowest Daily Average Temperature (®C)i 



1985- -16.5 (Jan. 21) 
1986--l«fr,6(Nov. 9) 



Figiire 4.15 Daily Average Wind Speeds at 
Meteorological Station, 1985-1986 
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Figure 4.16 Daily Average Air Temperature at 
Meteorological Station, 1985-1986 




Jan Feb Mar Apr 



1 — i — I — I — I — I — r I 1 I — I — r— r — i — i — i — r 

Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1985 1986 



Figure 4.17 Daily Total Solar Radiation at 
Meteorological Station, 1985-1986 
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Photograph #5 is an example of the aerial photographs showing corn and grain fields as 
well as residential areas, forest and roads. Since atrazine is used almost exclusively on 
corn fields and is used on almost all corn fields, this process provided a good estimate of 
the total atrazlne treated area. The land use distribution observed in 19E5 and 1986 is 
described in the next section regarding watershed discretization, 

4i^ Soils and S@iimeiit 

^.64 Soils 

Soil characteristics are a major factor in determining potential soil erodibility, drainage 
and rynoff potential, and chemical affinity. A comprehensive description of the soils in 
the Nissouri Creek Watershed is necessary, not only for establishing model parameters 
related to erosion and chemical movement, but also for transferring the knowledge and 
modelling experience gained here to other areas. 

Physical soii characteristics of interest In this study and reasons for their importance 
follow: 

o particle sizes - for the determination of soils potential erodibility and 

permeability* 
o particle and bulk density - for estimating mass of soli, attached chemicals 

in the soil column, and transport and settling rates. 
o infiltration rate - for partitioning surface and sub-surface runoff rates. 
o temperature - for adjusting biochemical transformation rates, 
o soli moisture - as a general indicator of degree of soil saturation. 

Common diemical soil characteristics which are of Interest here Include: 

phosphorus content - for estimating the mass of phosphorus In the soil 

matrix. 
o atrazlne content - for estimating Initial soil pesticide mass, 
o adsorptlon/desorptlon - for estimating adsorption Isotherm parameters for 

phosphorys and atr.az.ine. 
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o organic content - for determining erodibility and as a general indicator of 
adsorptive capacity and density. 

As part of the detailed sub-watershed studies conducted by PLUARG, soil surveys were 
conducted (PLUARG, 1979). In these, a detailed syrficial soil map was produced (see 
Figure 3,%). These soil series designations describe the soil in terms of general particle 
sizes, stoniness and slopes. Detailed investigations were conducted at five bench mark 
sites within the watershed to describe the complete soil profile in various physical and 
chemical terms. 

Table 4.10 lists related parameters of interest to this study extracted from PLUARG 
documents. In fact, this information provides all of the basic details required for 
modelling soil erosion for most of the soils in the watershed. 

BEAK conducted cursory soil surveys to verify and complement the PLUARG data. Grab 
samples of soil were taken on two occasions (May 16, 1986 and November IE, 1986) at the 
sites Indicated on Figure 33, Samples were composited from several individual grabs at 
each site, from the surface and from depths of 15 to 30 cm. These soils were sub|ected 
to particle size and phosphorus analysis by MOE in the Rescdale laboratory. Table *.ll 
lists soil characteristics and the associated soil series for these samples. Where more 
than one analysis was available an average value is reported. Using these values and 
estimating organic content from PLUARG information, the USLE "K" values were 
estimated and are also presented in this table (Wlschmeier and Smith, 1965). 

Table 1.12 summarizes surface .and sybsurface soil atrazlne and desethylatrazine 
concentration reported for soils taken on two occasions- Note the relatively high 
desethylatrazine concentrations in the May samples. This is due to the fact that a 
significant amount of the atrazine which was applied in the previous year has decayed to 
the me'tabO'lite. More .intensive soil atrazine sampling was con,dycted by MOE in 1985 and 
1986 as part of field level studies. These are reported in Appendix A, 

The parameters and chemical concentrations listed in Tables 4.10 to 4.12 were used to 
estimate model parameters. Initial conditions and soil mass constituents used in 
modelling. 
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TAiLl %.I0 




NISSOIIRI WATERSHED SOIL CHARACTERISTICS (PLU ARC, 19791 






Soil 


Particle 
Size 


% of 
Watershed 


lofiltration* 


^ 


Surface/ 




, 


Horizon 


Series 


Class 


Area 


Rate tcm/h) 


Drainage 


Slope 


Erosion 


Perwlousness 


Depths (cm) 
CA/B/C) 


ms 

MS 
055 


course loam 
line' t@am 
line ioam' 
line loami 


n 

6 


i.3s; 

.621 /JZr 
1.13' 


good 

imperfect 
poor 
gQod 


level/2-*% 
level/ 1% 
level/ 1% 
undulating/ 1% 


.Si;,' .t-m«derate 

sligtit 

none 


moderate 
moderate 
moderate 
moderate 


35/77/25+ 
2!»/'*f/5<H. 
50/90/90+ 
30/60/65 


055 


line Ic^m 


z 














056 


line' loam 


2 














067 


huniic clayey 
humic clayey 


1 
2 














sc 


stream course 
complex 


S 















Steady state mfiltration, falling head 



^ Steady state inliltration, constant head 



TABLE %. 10 Coont'd) 



NISSOURI WATERSHED SOIL CHARACTERISTICS 
CPLUARG, 1979) 











Particle Size Dist 


•n3 








Particle 


Bulk 


NaHCOj 


(% 


size in 


min) 






Surface Layer 


Soil 


Density 
gm/cmi 


Density 
gm/cm^ 


ext. P, 


Very fine 










Organic 


Series 


mg/l 


Sand 


Sand 




Slit 


Clay 


Co'ntent (%■) 


043 


2,60 


1.S7 


26 


11 


2S 




54 


IS 


3.2 


0^5 


2.51 


1.65 




12 


27 




58 


15 


3.9 


046 


2.6^ 


1.68 


17 


12 


28 




50 


22 


5,0 


053 




















055 




















056 






15 














067 








» 












077 




















sc 





















1 Steady State Infiltration, Faliing Head 

^ Steady State Infiltration, Constant Head 
3 A-Horizon Only 



TABLE ftjl 



SOIL SAMPLE CHARACTERISTICS, PRESENT STUDY 



Soil Series 



Depth of Sample 



Par tic je Size .Distribution 



Very 

Fine Sand 

.05-. 1 



Sand 
.05-2 



ize in mm) 

Silt 
.Q02-M5 



Clay 

.0i02 



Ph 



t^&ir 



k""^}-^ 



actor 



056^ + 
056; + 
046/ + 
0^6^ + 
046 
0%6 
045, 
Of|3; + 

o#3; + 

0^6^ + 



055- 
055: 

045: 

045= 



045^ 
045^ 
045^ 



surface 

15 cm 
surface 
15 cm 
surface 
20 cm 
surface 
surface 
30 cm 
surface 



15 
16 

m 

15 



26 
41 
24 

26 
20 
22 
26 
22 
65 
19 



53 
67 
6S 
64 
72 
63 
72 
32 
73 



.66 
.44 
.94 
.28 
1.18 
.90 
.84 
.76 
.49 
.99 



.if 

N/A 
.43 

N/A 
.36 

N/A 
.48 
.53 

N/A 
.52 



^ all surface samples were assumed to have a textural and permeability class of 3. 



N/A not applicable 
not available 



TABLE %.12 


SOIL SAMPLE ATRAZINE AND 






DESETHYLATRAZINE CONCENTRATIONS 






Sample 








Sample Date 


Location 


Depth 


Atrazine 


Desethylatrazine 




(see Figure 3.31 


(cm) 


(ug/gm) 


(ug/gm) 


08/13/85 


1 


surface 


0.12 


0.07 


08/13/S5 


1 


surface 


0,13 


0.03 


08/13/S5 


,1 


surface 


0.08 


o.o# 


05/16/86 


I 


surface 


0.05 


0.08 


05/16/86 


t 


surface 


0.18 


0.13 


05/16/86 


1 


30 


0.02 


ND 


05/16/86 


i 


surface 


0.10 


O.U 


05/16/86 


t 


surface ^ 


0.12 


0.15 


05/16/86 


* 


20 


0.0# 


0.08 


05/16/86 


!■ 


surface 


0.32 


0.33 


05/16/86 


f 


15 


0.06 


0.11 


05/16/86 


i- 


surface 


0.05 


0.10 


05/16/86 


:i 


15 


0.03 


0.0* 



ND - not detected 



Soil temperature and moisture were monitored throughout the study at five sites 
indicated in Figure #aS. These were determined using gypsum blocks buried to depths of 
0,3 and 1,0 meters. The individual temperature and moisture observations for the sites 
are listed In Appendix F along with a description of the soil moisture block readings and 
conversion graphs. This information was used as a general guide to soil temperature 
model^hg and for evaluating the accuracy of soil water trends predicted by HSPF. 

4,6.2 Sediment 

Stream bed sediment was grab sampled on June 7, 1985 and May 2S, i9S6 at the sites 
indicated on Figure 4,19. These samples were analysed for atrazine and desethylatrazine 
content In order to assess the relative importance of stream sediment as a temporary 
sink/source for atrazine. Sampling times correspond with periods of most active atrazine 
application. 

Table ff.13 lists the results of these analyses. Note that only station SS9, which lies in 
the headwaters of the watershed downstream of a large tile drained corn field, displayed 
significant atrazine levels in both years. Most samples displayed levels near or below the 
detection limit* At a concentration of O^OIS ug/g (the highest observed) one cubic meter 
of dry stream sediment would hold about 0«030 grams of atrazine (assuming a bulk dry 
density of 1,6 gm/cm^). These results indicate that the sediments are probably not a 
major sink of atrazine although shortly after applications stream sediment may 
temporarily hold small amounts of atrazine. 

Additional investigations into the movement of atrazine in the stream system were 
undertaken. On three occasions large volumes of river water were sampled at station 
Nl, These were delivered to the OMAF pesticide laboratory where they were 
centrifuged to separate the particulate material. Both the aqueous phase and the solid 
phase material was analysed for atrazine. Table %.!% lists the results of these analyses. 
Except for the first sample taken, no atrazine was detected on the particulate fraction 
while significant amounts were present in the aqueous phase. The first sample was taken 
during an extreme runoff event during hich significant soil erosion occurred. This event 
closely followed the period of most intense atrazine application and therefore was a 
likely time to observe soil attached atrazine washoff. These results indicate that the 
movement of atrazine associated with the solid phase in the stream is minor by 
comparison to the movement in the aqueous phase. 
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FIGURE 4,18 

Soil Moisture Meosurement 

Sites 



LEGEND 



SiiMf ace iMTC«»^0 iiOuxouir 



|< son, tKliSTi^IC SuOCaS 




FIGURE 4.19 

Stream Sediment Sampling 
Sires 



LEGENO^ 






TABLE %J3 



STREAM SEDIMENT ATRAZINE CONTENT 



Stteam Sediment Station 
(see Figure <^.19) 



Att"azirie /de se tfiy latrazine 

Conceiitration 

Cug/g) 



SSI 
SS2 
SS3 
SS«^ 
SS5 
SS6 
S57 
SSS 
SS9 



Sample Date 07/06/85 


28/05/86 


.003/.003 


ND/.03 


.003/.014 


TR/.03 


.004/.002 


ND/.33 


ND/ND 


ND/.05 


.018/ND 


ND/ND 


.002/.003 


TR/.02 


.002/.004 


TR/.02 


ND/.004 


ND/,05 


.012/.03S 


mi,6i* 



TR - trace amounts detected 
ND - not detected 



TABLE %.W AQUEOUS AND SOLID PHASE ATEAZINE CONCENTRATION 

Particulate Atrazine Aqueous Phase 

Sample Date Cone, (ug/g) Atrazine Conci (ug/1) 

1983 3ufie 18 0.13 33.0 

July 9 NO 1,2 

1986 May 28 ND f^.l 



Observed total flow for the event of June 16-19, 1983 at Nl was about 200,000m^, If it 
is assumed that the observed aqueous concentration of 33 ug/L is representative of the 
whole event, then the estimated liquid phase atrazine loss is about 6.6 kg. The observed 
soil loss for the same period is about 100 tonnes. If it is assumed that the observed solid 
phase atrazine concentration of 0J3 ug/g is representative of the whole event then the 
estimated atrazine loss associated with solids is about 13 grams or 0.2% of the total 
export, 

4.6.3 Adsorpt ion/Desorpt ion 

A laboratory test was conducted in August 1985 to determine the potential adsorpt ive 
capacity of Missouri Creek Watershed soils for atrazine. In these tests, soil samples from 
the three major soil types were added to an atrazine solution of known concentration. 
All solutions were prepared in duplicate. One set of samples was shaken for twelve hours 
at #®C, The second set was shaken for twelve hours at 22®C. The samples were then 
double filtered through glass fibre and the filtrate was sybmitted to OMAF for atrazine 
analyses along with the original stock atrazine solution. The atrazine adsorbed by the 
soil was calculated by difference from the results of filtrate analysis. The final adsorbed 
atrazine concentrations of the soil are reported in Table ^.13, These values are the 
average of duplicate test samples. These results were used as a first estimate to select 
Freundlich adsorption isotherm parameters for modelling and represent the upper limits 
of soil atrazine concentration, 

4^ Atrazne Use 

The Hazardous Contaminants Coordination Branch of MOE conducted information 
surveys of Nlssouri Creek Watershed farmers In 1985 and 19S6. The methods and results 
of these surveys are presented In Appendix B. The purpose of these surveys was to 
determine the amount and areal extent of application of atrazine. In 1986 additional 
information regarding the time of application was solicited. Application rates were 
estimated for corn fields for which no survey information was available. The response 
rate to surveys was more than 80% in each year. 

Table #>16 summarizes some of the results of the:se surveys. The key observations are 
that atrazine application rates vary considerably from one operator to another ranging 
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TABLE %,15 ADSORPTION POTENTIAL FOR ATRAZINE 

ONTO NISSOURI WATERSHED SOILS 



Initial Soil 
Final Adsorped Atraaiie Cone. Atrazine Cone. 

Soli Series CMg/g) Cyg/g) 



.. 


mc 


22QC 


0467 + 0453 


§s 


aj 


0457 + 0463 (moderate slope) 


5..f 


w 


045^ + 0463 (flat) 


■ m 


M 



,12 

.13 
.OS 



Original solution atrazine concentration was 3180 ug/1 



TABLE #.16 



SUMMARY OF ATRAZINE USE INFORMATION 19S5-S6 



19SJ 



1986 



Application 

Per iod 

April 
May 1-15 
May 16-31 
June 
Duly 

October 
Totals 
Averages 



Reported 

Area of Appl'n 

(ha) 


Appl'n Rate 
(kE/ha) 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


NA 


1,186 





I.S5 



Reported 

Area of Appl'n 

(ha) 


% of 
Reported Area 


7 


0.7 


320.3 


32 


mi 


m 


133.3 


13.3 


28 


2.8 


32 


3.2 


1,002 


100.0 



Appl'n Rate 


%of 


CkK/ha) 


Reported Mass 


*.93 


^■m 


' 1.32 


26A 


1.93 


30A 


2.33 


16.9 


0.70 


14 


2.00 


%3 




100.0 



l.B^ 



# of reported cooperators 
using atrazine: 

Total Reported Mass of 
atrazine applied (kg)s 

Total area of corn (ha): 



Total estimated mass of 
atrazine applied (kg): 



1983 - #2 
1986 - 39 

1983 - 2,195 
1986 - 1,8%5 

1983 - 1,3^3 
1986- 1,112 

1983 -2,859 
1986 -2,0^6 



NA - not available 



from OJ kg/ha to 5.8 kg/ha. The time of application ranges from late April (pre-plan ting 
application) through May and June (pre and post emergent applications) to October (after 
crop removal). Although the appiication rates vary and the areas affected vary 
considerably from one year to the next the average application rate was consistent at 
about 1.85 kg/ha. One manufacturer recommends application rates ranging from 2.0 to 
3.75 kg/ha depending upon the soil type. Recommended application rates for the silty 
loams of this watershed are about 2.5 kg/ha. 

The data in Table 4,i6 was used in pesticide modelling to estimate the timing and rate of 
atrazine application. 
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3S MODELUNG 

5.1 Geii«ml 

The HSPF Application Guide recommends a logical series of steps to model application. 
In this chapter the approach to each step is discussed along with modelling results from 
this study. Application steps include the following: 

Study definition is the identification of the questions and the level of detail 
to which HSPF will be appliedi an assessment of the availability of data and 
its usefulness; and a review of resources avallabie for data collection, 
analysis and modelling to the desired detail. 

o Development of a modeliini strategy Involves the segmentation and 
discretization of the watershed, and linkage of land and channel elements so 
that all Important characteristics and features are appropriately represented. 

o Learning the Qperational aspects of HSPF is an essential step to deyeloplng 
input sequences, performing necessary linkages, simulating information and 

producing the most meaningful output. 

o The handling of time series data in HSPF is a major aspect of modelling due 
to the enormous volume of information both input and that produced In 
simulation. Successful application of HSPF necessitates familiarization with 
storage, retrieval and management of time series data. 

o Parameter development focuses on the familiarization and selection of 

process^-oriented param;eters for land and stream modiules. 

o Calibration Is the process by which model parameters, especially those which 
cannot be determlnistically evaluated, are adjusted until simulated results 
closely reflect observed data. " Verification Is a complementary process in 
which the model is applied to an independent data set as a test of the validity 
of process parameters. Calibration/verification is often a feedback process. 
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o Applicatic to altemate scenarios is often the main objective of a modelling 
exercise and involves the adjustment of model input, linkages, and parameters 
to reflect various proposed aiternative operational schemes, and the 
interpretation of simulated results. 

This report does not document HSPF or provide detailed descriptions of its structure and 
modules since this is adequately accomplished In the 767 page Users Manual (3ohanson et 
al«« 198%) and the 177 page Application Guide (Donigian et ah, 198%). These are excellent 
support documents that deal with all aspects of the model and its application in an easy 
reference format with examples. The discussion included here is limited to the 
experiences of the study team and the procedures followed. It should be recognized that 
HSPF has simulation capabilities beyond those used in this study. The reader Is referred 
to the User's Guide for a full description of these. 

3M Sty# Definltkm 

The following questions apply in this study: 

© Can HSPF simulate erosion and sediment transport for a variety of land use 
and land characteristics In a small agricultural watershed? 

Q Can HSPF simulate atrazlne behaviour and loss?' 

o Can a variety of land management scenarios be evaluated through HSPF? 

o Is HSPF a practical tool for use In the land management process in Ontario? 

To answer these questions a set of aerial and temporal scales were selected. The 
watershed computation units are as small as a few hectares (field size) while stream 
channels have contributing areas and lengths ranging from 170 hectares and a few 
hundred metres to over a thousand hectares and five kilometres. Temporal scale is based 
upon a one hour time step which was felt to be a practical compromise, bearing in mind 
computation time, input data variability, and internal process kinetics. 
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Supporting data were a¥ailable from PLUARG for specific information such as soil 
characteristics and general information such as unit area loading data. Some other data 
were available on area maps (topography, drainage, etc.) and in OMAF records. 
Available information was valuable and reliable; however the bulk of the data, time 
varying and site specific, had to be measured or verified in this study. Land management 
practices have changed since PLUARG and time series data (streamflow, meteorology, 
etc.) is fully dynamic in all respects. Most meteorological data cannot be transferred 
from weather stations in excess of 20 kilometres away without a sacrifice to accuracy, 
especially in terms of precipitation. 

The resources available to this investigation allowed for an intensive, event oriented 
monitoring program for a 30 month field period. This period is adequate in that it 
provides for two calendar years and a period to 'debug' the monitoring system. Two 
calendar years allow for a calibration on one year and verification using the other year of 
data. The scope of work did not allow for a detailed survey of individual farm plans and 
practices but rather a generalized survey of pesticide use. Field studies were conducted 
by MOE to measure net decay rates of atrazine in study plots on two successive years to 
enhance model calibration for atrazine decay. 

Computer requirements for HSPF applications are substantial as simulations can be very 
computation intensive, BEAK used a SUN 3/75 micro system. To our knowledge this was 
the first time that HSPF had been applied to this level of detail without using a main 
frame computer. Computer runs with a one hour time step required from 20 minutes to 2 
hours to complete depending upon the simulation period and parameters Involved. 

The model demonstration phase was not intended to be a detailed quantitative review of 
land management practices but rather a demonstration of the approach to analysis and a 
demonstration of the sensitivity of HSPF to changes in land management practices. In 
effect, thli project was a "first cut" at analysing BMP's in Ontario using HSPF. Some 
generalized reajlts are presented in the next chapter which address the merits of certain 
BMP's. 
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$3 D'tsa-etizatMMi 

Discretization is the process by which the study land area and watercourse are 
segmented into units termed pervioys land segments (PLS's) and reaches respectively. 
These units have homogeneous attributes throughout. In general, the aspects of a 
watershed which should be considered in a simulation eKercise aimed at predicting 
runoff, solli phosphorus and atrazine losses as is the case in this study include the 
following: 

o climate, 

o soils, 

o land use, 

o topography, and 

o hydraulic characteristics of the channels. 

Climate does not vary significantly over the Nissouri Creek Watershed, with the 
exception of individual precipitation, events, therefore, no segmentation for climatic 
zones was made. Climatic segregation is only necessary in large river basins. As 
discussed in the previous chapter, several rain gauges were deployed in this study to aid 
in accoynting for the spatial, variability of this parameter. However, variability in 
precipitation is random In nature and spatial trends do not exist. Three separate 
precipitation time series were Input to the model and the effects of these records were 
distributed amongst the land areas. Microclimatic variation in other meteorological 
parameters was considered to be Insignificant within the temporal and spatial scales used 
in the assessment* 

The watershed was initially segmented on the basis of soil types. Four different soil 
types are encoontered in sufficient proportion for consideration. An overlay of the 
watershed was placed over the PLUARG soils map (see Figure 3M and the four soil types 
were delineated. Small areas of other soil types were grouped with the adjacent soil type 
which was closest in terms of properties. 

Table 5.1 identifies the four soil types and some relevant features of each. Figure 5.1 is 
a map with the final homogeneous land area boundaries overlain. The four soil types are 
highlighted for illustration of their relative distributions. It should be noted that the 
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TABLE 5.1 



CHARACTERISTICS OF FOUR SOIL TYPES USED IN DISCRETIZATION 



Soil Unit 



Texture 



0?f3 + 053 silty loam 



0^5 + 053 silty loam 



Taxonomic 


Topographic 


•i 


Area of 


%©f 


Classifi^tlon 


Class 


Orainage 


Watershed 

(ha) 


Watershed 


Orthic Gray 


0.5 to 5% regular 


well 


619 


20 


Brown Luvisoi 


5 to 9% irregular 


drained 






Gleyed Orthic 


0.5 to 3% regular 


imperfect 


1,1^8 


37 



Gray Brown Luvisoi 



0^6 + 056 silty loam 



Orthic Humic 
G ley sol 



to 2% regular poor 



957 



31 



067 + 077 + SC organic- 
variable 



Humisol 



0-0.5% 
variable 



very poor- 
variable 



368 



12 



I 



System of Soil Classification for Canada designation. 



FIGURE 5.1 

Discretizecl Watarslied 
with Soil Types 



Courie Loam 



Wff^ yedium Loam 



Rn© Loam 



Organic 




. afiiivp,. ^j 



first three soil types on Table 5*1 are not substantially different in texture* The major 
difference lies In their topographic class and drainage* The first soil type generally lies 
on high ground or on slopes which are well drained* Some of the finer particles have been 
washed out of this soil further enhancing Its drainage potent laL The second and third soil 
types lie progressively nearer to the bottom land and at the base of slopes where finer 
material has been deposited* These soils are therefore less permeable and lie closer to 
the groundwater table* Tile drainage is extensive in these soils but this does not effect 
the soils characteristics. The last group of soils is a "catch all" for generally nori 
agricultural soils (although cultivation does take place on about 30% of these soils)* The 
stream course complex soil (SC) has variable characteristics and was grouped with types 
067 and 077 for convenience and because agricultural use of these areas is low. 

The next phase of discretization addressed was topography (slopes). Topographic maps 
were delineated by four slope classes; to 0.5%, 0*5 to 2%, 2 to 5% and greater than 
5%. The soil type map was overlain onto the slopes map and further segmentation of 
areas was made. Table 5.2 summarizes the relative proportion of various slopes. Figure 
5.2 is a discretlzed version of the topographic watershed map in terms of the four slope 
classes. Since soil types are found to roughly correlate with slopes in this system 
relatively few additional area boundaries are required when slopes are added to the 
discretization system. 

Finally, land use was incorporated into the discretization system. Land use was taken to 
mean crop type and three types were adopted; corn, mixed grains and other crops, and 
non^cultivated and non-agricultural. Since this study addresses atrazine migration and 
atrazine Is applied exclusively to corn fields this parttcular land use was felt to warrant a 
separate classification. All other cultivated fields are lumped, although it is recognized 
that row crops such as soybeans differ in their pollutant transfer potential than do non- 
row crops such as wh^t. This system is a compromise between descriptiveness and 
computational efficiency. Likewise, non-cuitivated fields in agricultural use (le. pasture) 
have been lumped with non-agricultural areas (le* roads) as a compromise. It was felt 
that the subtle differences in pollutant transfer between these land uses would not justify 
further deltneation. It has been assumed that ail corn fields are subjected to 
conventional tillage practices. This was the observation of field crews* This system 
involves moldboard plowing in the spring with a distribution of pre-seed, pre-emergent, 
post-emergent and post-harvest pesticide application and winter spreading of manure. 
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TABLE 5.2 SLOPE CLASS DISTRIBUTIOH 



Slope Class Area Cha) % of Watershed 

less than 0.5% 127 , i 

0.5 - 2.0% i^ifn m 

2.0-5.0% 1,172 11 

greater than 5% 317 H 



FIGURE 5.2 
Oiseretized Watershecl 

with Slope Classes 



o-o.s% 




Variations on these practices are limited and are therefore not likely to alter overall 
simulation results* 

In this system, land uses change from year to year as crops are rotated. Tabie 53 
symmarizes the relative distribution of each land use type In 1985 and 1986, Figyres 5.3 
and 5 A show the dlscretizied form of the land use in these years. The imposition of land 
use onto slopes and soil types introduces an angularity to the overall discretization 
pattern since land use tends to follow rectangular field lines. If a larger scale Is 
addressed, and detatled field level information is not available, then a land use system 
based on crop rotation such as is used by OMAF can be employed. The system used here 
takes advantage of the detailed field-crop Information which was available, 

HSPF is a lumped parameter model. That Is, all areas with similar characteristics of soil 
type, sk, i and land use can be lumped as one area for computation. Areas need not be 
contiguous to be lumped together. This system therefore results in up to #S homogeneous 
land areas, Cue., * soils x ft slopes x 3 land areas = 48), To reduce computational 
complexity further, very small areas (less than 7 hectares) were grouped' with the closest 
slope class. Land use and soil type ciasslflcation boundaries were not crossed. This 
process decreased the 19S5 land area number from 31 to 2S and the 1916 number from 33 
to 22 with a proportional decrease in simulation run time. Several land classifications 
had no significant area associated- Table 5,* lists the PLS's for the 19E3 and I9S6 
simulation periods along with their soil type, slope and land use. 

The watershed drainage system was discretlzed so that outpyt information sites Ci.e., the 
end of each reach) corresponded to the monitoring sites allowing direct comparisons 
between observed and predicted loadings. Figure 3 J Illustrates the four sub-drainage 
areas or reach contributing areas and the channels within each area. Table 3,5 lists 
relevant reach mforniation. This system allows for examination of three areal scales 
(less than 200 hectares, JOO-SOO hectares, and 30^0 hectares). The reach contributing 
area map was overlain on the fylly discretlzed watershed and further divisions were made 
so that no areas were split between sub-basins, ach Pervious ^nd Segment is then 
fractioned to account for the portion of that area which flows to each of the four reach 
contributing areas. 
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TABLE 5,3 




LAND USE AiFA SUMMARY 


» 


Land Use Designation 




Area (Ha) 


% of Watersli^ 


Corn 


1985 


1,5#5 


m 




1986 


1,112 


m 


Mixed-cultivated 


1985 


1,113 


m 




1986 


l,<fr90 


it 


Non-cultivated 


1985 


*34 


1* 




1986 


#90 


li 



FIGURE 5.3 
Oiscretized Watersliad 
witli Land Use, 1985 




Mixed Grains 
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FIGURE 5.4 
DiSGretized Watarshed 
witli Land Use, 1986 




TABLE 5-* 



HSPF PERVIOUS LAND SEGMENT CHARACTERISTICS 



PLSi 




Soil Type 


198J 


1986 




122 


122 


sand/silt loam 


131 


131 


sand/ silt loam 


132 


132 


sand/silt loam 


133 


133 


sand/silt loam 


1*1 


141 


sand/silt loam 


1#2 


142 


sand/silt loam 


211 


- 


silt loam 


221 


221 


silt loam 


222 


222 


silt loam 


223 


223 


silt loam. 


231 


231 


silt loam 


232 


232 


silt loam, 


311 


- 


fine silt loam 


312 


312 


fine silt loam 


313 


- 


fine silt loam 


321 


321 


fine silt loam 


322 


322 


fine slit loam 


323 


323 


fine silt loam 


331 


- 


fine silt loam 


332 


332 


fine silt loam 


333 


333 


fine silt loam 


341 


- 


fine silt loam 


413 


413 


organic 


431 


431 


organic 


432 


- 


organic 


433 


433 


organic 


442 


442 


organic 


443 


443 


organic 



Avwage PLS 
Slope {%) 



Land Use 



1.25 


mixed grains 


3.5 


corn 


3.5 


mixed grains 


3J 


non-cultivated 


7.0 


corn 


7.0 


mixed gfalns 


0.25 


corn 


1.25 


corn 


1.25 


mixed grains 


1.25 


non-cultivated 


3.J 


corn 


3.5 


mixed grains 


0.25 


corn 


0.25 


mixed grains 


0.25 


non-cultivated 


1.25 


corn 


L25 


mixed grains 


1.25 


non-cultivated 


3.5 


corn 


3.5 


mixed grains 


3.5 


non-cultivated 


7.0 


corn 


0.25 


non-cult ivated 


3.5 


corn 


3.5 


mixed grains 
non-cultivated 


3.5 


7.0 


mixed grains 


7.0 


non-cultivated 



%, 




FIGURE 5.5 Reach Designations 



TABLE 5,3 


REACH CHANNEL AND CONTRIBUTING AREA SUMMARY 




Reacli Contribyfifig 


Channel 


Channal 


Reacli 


Area Cha) 


Lengtfi (m) 


Slope Cm/m) 


Hi 


I,6!6 


4,850 


.0066 


N2 


S32 


i^fiOQ 


.0093 


N3 


*76 


5,100 


.0039 


N*- 


iSS 


7W 


.0081 



5,# Tlfiie Sef les Data 

5A,i Input Time Series 

The hydrologic processes modelied by HSPF are "driven" by weather input information. 
The selection of desired simulation parameters implies a selection of HSPF modules and 
module groups which must be flagged as "operationar'. Table 3,6 lists the modelling 
processes desired, associated i-lSPF modules and groups, mandatory time series, and time 
step. Note that the output time series from some modules such as SNOW and SEDMNT 
are Input time series to other modules such as PWATER and SEDTRN. The input time 
series and internal time series are linked and possibly routed to output time series 
through the EXTERNAL SOURCES, NETWORK and EXTERNAL TARGETS blocks. 

The time series store (TSS) is a large storage allocation which is loaded with input and 
output time series using model utility programs. During each simulation, information is 
transferred into and out of the appropriate storage addresses within the TSS. 

The input time series used In simulating the Nissouri Creek Watershed included three 
separate precipitation time series. These records were formed from the three tipping 
bucket rain gauge records. Each PLS wa.^ assigned a particular distribution of rain from 
one, two or three of the gauge records. For example, if 70% of a particular PLS was in 
close proximity to gauge #1 and the remainder was near gauge #3, then 0,70 times each 
hourly precipitation value for gauge #1 and 0,30 times the gauge #3 data would be added 
and routed to that PLS, In this way spatial and temporal variation in rainfall, quite 
apparent during thunderstorms, could be more accurately allocated. Wind speed, air 
temperature, solar radiation, evaporation rate, and dew point temperature were applied 
equally to all PLS's at the time steps indicated in Table 5.6. 

All input time series are included in Appendix E, 

J,#,2 Output Time Series 

Model output time series can be "tailor made" to suit the application. Space is allocated 
in the TSS according to anticipated size and other data characteristics (ie. time step, 
mean or point valued). Then, by selecting various optional forms of output and linkages 
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TABLE 5,6 HSPF MODULFS AND INPUT TIME SERIES 


Process 

to be Simulated 




HSPF 
Module/GrouD 


Required Input 
Time Series 


Time Series 
Time Step (hr) 


snow accumulation 
and snow melt 


PERLND 


SNOW 


precipitation 

dew point temperature 

air temperature 

wind speed 

solar radiation 


1 

1 
1 
I 


water budget and runoff 
from pervious land 


II 




PWATER 


same as SNOW 

evaporation 

SNOW 


2* 
1 


soil erosion and 
transport to channels 


II 




SEDMNT 


SNOW 

PWATER 

precipitation 


1 
1 
I 


pesticide processes and 
runoff from pervious land 


11 




PEST 


SEDMNT 
PSTEMP 
MSTLAY 


1 
1 
1 


phosphorus processes 
and runoff from 
pervious land 


It 




PHOS 


SEDMNT 
PSTEMP 
MSTLAY 


'1 
1 
1 


hydraulic routing of 
runoff in channels and 
advectlon of dissolved 
material 


II 
II 




HYDR 
ADCALC 


PWATER 

HYDR 

CONS 


1 

1 
1 


soil layer moisture* 


It 




MSTLAY 


PWATER 


1 


soil temperature* 


II 




PSTEMP 


air temperature 


I 


sediment transport in 

channels 


RCHRES 


SEDTRN 


HYDR 

SEDMNT 


I 
1 


pesticide Iransport in 
channels 


III 




COINS! 


ADCALC 

HYDR 

PEST 


I 
1 
1 


phosphorus transport in 
channels 


II 




CONS2 


ADCALC 

HYDR 

PHOS 


1 
I 

i 


••required for the agri-chemical modules 
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the simulation data is placed in storage. Each groyp ol pfocesses in HSPF has a 
catalogye of output that can be accessed. Some of these output data are intermediate 
state variables useful during calibration while others are final forms of the simulation 
parameters. As an example, the output catalogue module PERLND group PHOS lists 34 
optional output parameters including intermediate state variables such as surface layer 
adsorbed phosphate and total phosphorus in the soil; intermediate mater ial flux such as 
percolation rate of soluble phosphorus from the surface soil layer to the upper zone; and 
final output time series such as total outflow of sediment associated phosphorus or total 
outflow of phosphorus from the PLS. By selecting the most informative output time 
series during calibration and during model application, efficient use can be made of the 
TSS while at the sajme^ time model evaluation is facilitated. Final output time series data 
such as outflows at each monitoring station or hourly pesticide transport in the channels 
is routed to the pre-assigned storage- space in, the TSS, 

Intermediate and final output time series can be routed to PLTGEN, the plot file 
creation module, or DISPLY, the summarizing module for convenient output review. The 
management of enorm,ous data files and easy access to many forms of output timie series 
data are major capab'ilities ol HSPF which facilitate application and eliminate the need 
for modifications to the I/O code. Utility modules are discussed in Section 6-3. 

Examples of input and output time series routing and linkages are presented in the 
Addendum for a full simulation run as well as for some utility routines. The User's 
Manual is the best reference for those wishing to prepare an HSPF simiulation, 

J.J User Controll^ Input 

5.5,1 General 

The user controlled input (UCI) include i a variety of information types which may be 
adjusted or altered during calibration and application. The UCI may include the 
following types of information: 

o duration of a run, 
o time step, 

o run title, 
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interpreter output level (level of complexity of system output), 

o address of the TSS, 

o operations and operation order (HSPF modules Invoked), 

o special actions to be performed (land management practices), 

o print detail flags, 

o module groups invoked, 

o initial conditions and state parameters, 

o process parameters, 

o process options (in some cases 2 or more methods are available for 

computation such as sand load transport and adsorption), 

o F-tables (channel hydrauilcs), 

o utility module parameters and output files, 

o TSS input file addresses, 

o time series linkages, and 

o output file TSS addresses. 

This section includes discussion of the special actions, initial conditions, state variables 
and process parameters used to model the Nissourl Creek Watershed. Other information 
contained in the UCI is of Interest to model users only. All copies of UCI are provided in 
the Addendum, to this report. 

J J. 2 State Variables and Process Parameters 

At the onset of calibration a sensitivity analysis was conducted to identify those 
parameters and variables which are key to model accuracy. Those parameters and 
variables which are not likely to strongly affect reailts were set at measured values if 
available or were sat at values taken from the literature or at values recommended in 
the IJ^f's Manuai (default values are available for most parameters and recommended 
values are offered for others). The ARM user's manual (Donlglan et aL, 1977) is also a 
good reference for selecting reasonable starting values for most variables and 
parameters. 

Table 3 J is a summary listing of the sensitive model variables and parameters, their 
implications In the simulation of processes and their relative Importance to final 
output. Several of these parameters can be varied throughout a year using monthly 
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TABLE 5.7 



SENSm¥E PARAMETERS AND IMPLICATIONS IN NISSOURI WATERSHED MODEL 



Module 



Group 



Variable 



Explanation 



Relative Sensitivity and Implications 



PERLND SNOW 



PWATER 



COVIND 

CCFACT 

M WATER 

■^GMELT 

SNOW-INIIT 

LZSN 

INIFILT 

LSUR 



MaKimum snow pack depth 
C water equivalent I at which 
the PLS is entirely covered. 

Snow condensation/corivection 
melt rate parameter. 

Maximum water content of 

snow pack. 

Rate of snO'Wmelt by ground 
heat. 

Initial vaJues for pack ice, 
water and snow. 

Lower zone nominal water 
storage capacity. 

Infiltration capacity of soil 



Length of overland flow path 



Moderate sensitivity. Higher snow me It rates will 
occur with lower values. This affects timing of 
tunofl but not total runoff volume. 

Moderate sensitivity. Affects snowmelt rates 
and timing of runoff but not total runoff volume. 

Moderate sensitivity. Affects melt water runoff 
timilng. 

Moderate sensitivity. Affects pack accumylation 
and base flow rates. 

Medium, sensitivity du,ring snowmielt. Affects 
runoff rates and total volume of runoff. 

Very sensitive. Affects runoff rates from 
surface and subsurface. 

Very sensitive. Partitions surface and 
subsurface runoff volume and timing. 

Moderate sensitivity. Affects total surface 
and subsurface runoff volumes and timing and 
sediment delivery ratio. 



TABLE ^J Ccofit'd) 



SENSITIVE PARAMETERS AND IMPLICATIONS IN NISSOURI WATERSHED MODEL 



Module 

PERLND PWATER 



SEDMNT 



Parameter/ 

Variable 

SLSUR 

AGWRC 

CEPSC 

UZSN 

NSUR 
INTFW 

IRC 

PWAT-STATE 

SMPF 

KRER, aRER 
KSER, JSER 



Explanation 

Slope of overlancl surface 
Groundwater recession rate 
Interception storage capacity 

Upper lone nominal water 
storage capacity 

Manning's *'n" lor overland flow 

Interllow inflow parameter 

Interflow recession rate 
Initial storages 



Supporting management 
practice factors 

Soil detachment parameters 



Soil washoff parameters 



KGER, JGER Soil matrix scour parameters 



Relative Sensitivity and Implications 

Very sensitive. Same as LSUR. 

Very sensitive. Affects base flow rates. 

Moderate sensitivity. Affects surface runoffs 
volume and balance between evaporation and 
runoff. 

Very sensitive. Affects surface and subsurface 
runoff volumes and timing. 

Moderate sensitivity. Same as LSUR. 

Moderate sensitivity. Determines proportion of 
subsurface runoff volumes and timing. 

Very sensitive. Determines rate of interflow. 

Very sensitive for initial few months, then 
minimal sensittvlty. 

Very sensitive. Affects erosion rates linearly. 



Moderate sensitivity. Affects mass of soil 
detached and available for sheet erosion. 

Very sensitive. Determines rate of soil sheet 
erosion. 

Very sensitive. Determines rate of rill and gully 
erosion. 



TABLE 5.7 (cont'd) 



SENSITIVE PARAMETERS AND IMPLICATIONS IN NISSOURI WATERSHED lUIODEL 



Modyie 

PERLND SEDMNT 



PSTEMP 



MSTLAY 



PEST 



^ramaler/ 

Variable 

AFFIX 

COVER 

SED-STOR 

ASLT, BSLT 

ULTP 

LGTP 

SLMPF 

ULMPF 

LLMPF 

CMAX 

X, K, N 



Explanation 

Rate of soil re -attachment 



Portion of PLS shielded from 
rainfall impact. 

Initial detached soil 



Surface soil layer 
temperatyre parameters 

Upper soil layer temperature 
parameter 

Lower soil layer temperature 

parameter 

Percolation rate of solytes 
from surface to upper layer 

Percolation rate of solutes 
from upper to lower layer 

Percoiation rate of solutes 
from lower layer to groyndwater 

Maximum solubility of pesticide 



Freundlich Isotherm parameters 



Eelative Sensitivity and Im plica tions 

Moderate sensitivity. Affect mass of soil 
available for sheet erosion. 

Very sensitive. Affects soil detachment rate. 



Minimum sensitivity. Only affects first erosion 
event. 

Moderate sensitivity. Affects biochemical rates 
of phosphorus and pesticide in soil. 

Same as above in upper layer. 



Same as above in lower layer. 



Moderate sensitivity. Affects leaching rate 
of soluble chemicals in soil. 

Same as above. 



Same as above. 



Very sensitive. Affects proportions of soluble 
and sediment associated pesticide. 

Very sensitive. Determines proportions 

of soluble 

and adsorbed pesticide. 



TABLE 5 J (cont'd) 



SENSITIVE PARAMETER AND VARIABLE IMPLICATIONS IN NISSOURI WATERSHED MODEL 



Mudule Group 

PERLND PEST 



PHOS 



RCHRES HYDR 



Pfeyameter/ 
Variable 

SDGCON, UDGCON 
LDGSON, ADGCON 

PEST-STOR 



SKPLP, UKPLP 
LKPLP, AKPLP 

X, K, N 



KIMP 

KMP 

PHOS-STORE 

LEN 
DELTH 

HYDR-INIIT 



Explanatiofi 

Pesticide degradation rates 
in lour soil layers 

Initial mass of pesticide in 
soil layers and interflow 

Rates of plant uptake of 
phosphorus in % soil types 

Freundiich isotherm parameters 



Phosphate immobilization 



Organic phosphorus 
minerahzation 

Initial organic, adsorbed, 
soluble and plant phosphorus 
in k soil layers 

Reach length 



Reach elevation change 



Initial storage volume 



Relative Sensitivity and Implicaticins 

Very sensitive. Determines 'in situ* losses of 
pesticide. 

Very sensitive. Affects surface and subsurface 
runoff rates initially. 

Minor sensitivity. Affects plant phosphorus 
levels and slight effect on runoff mass. 

Very sensitive. Affects surface and subsurface 
runoff rates of phosphorus. 

Moderate sensitivity. Affects subsurface 
phosphorus runoff. 

Moderate sensitivity. Affects subsurface 
phosphorus runoff. 

Moderate sensitivity. Affects all runoff rates 
and transformation rates. 



Moderate sensitivity. Affects timing of 
hydrograph peaking. 

Moderate sensitivity. Affects velocity and 
sediment transport. 

Minor sensitivity. Determines initial outflow 
rate. 



TABLE 3.7 (cofit«d) 



SENSITIVE PARAMETERS AND IMPLICATIONS IN NISSOURI WATERSHED MODEL 



Module 



Group 


Byaineter/ 

Variable 


Expianatiori 


SEDTRN 


SDFG 


Sand flag 




D, W, RHO 


Diameteirj settling velocity 
and density of sand, silt 

and clay 



KSAND, EXPSND Sandload capacity parameters 

TAUCD, TAUCS Sheer stress limits for 

deposition and scour 



m 



BED-INIT 



erodibility parameter 



Init.il depth and composition 
of sediment 



Relative Sensitivity and ImpUcations 

Unknown sensitivity. Selects one of three 
methods for calculating sand transport. 

Moderate sensitivity. Used to calculate soil 
settling and transport capacity of flow. 



Very sensitive. Used in calculating sand settling 
and scour rates. 

Moderate sensitivity. Affects mass of silt and 
clay scouring and deposition. 

Very sensitive. Modifies scour and deposition 
of silt and clay. 

Moderate sensitivity. Affects available mass of 
sand, silt and clay for scouring. 



tables. In addition, all paramaters and initial conditions can be specified uniquely for 
each PLS or reach channel and altered during the simulation period through the 'Special 
Actions' block (see 5 J.3). 

HSPF performs material balances within the soil column for phosphorus and pesticide. It 
does not balance soil but rather assumes that the soil supply is infinite. This Is a 
reasonable assumption within the time frame of most simulations. The soil profile can be 
altered through the use of the Special Actions bloclc if a drastic soil erosion or deposition 
event were to be simulated* Initial conditions specif ied for soil phosphorus and pesticide 
simulation include a description of soil layer depths, bulk densities, phosphorus 
concentrations and forms (organic, adsorbed, soluble, and plant phosphorus) and pesticide 
concentration and forms (crystalline, adsorbed, and solution). Soil layer depth should 
correspond approximately to those which are calculated by dividing the hydrologic soil 
water holding capacity depth from the PWATER module group by the porosity. Bulk 
density is calculated by particle density and interstitial water density. Bulk density 
measurements were made on surface and subsurface soils by BEAK in this study and by 
PLUARG (see Table #.10), 

Soil phosphorus concentrations were set in calibration but various sources of information 
provided first estimates. These Include PLUARG soil sample analyses (see Table 4,10) as 
well as BEAK soil sample analyses (see Table **ll). It was assumed that the majority of 
phosphorus was in the adsorbed or apatite form. Soil plant phosphorus for the ypper layer 
(assumed to be the layer of most active crop growth) was modelled by calibrating plant 
uptake constants so that a realistic plant tissue phosphorus level was simulated over the 
growing season. Plant phosphorus levels for corn and mixed grains at full crop 
development were estimated to be about 15 to 20 kg/ha and S to 12 kg/ha respectively 
(PLUARG, 197Se). Soil organic phosphorus levels In the surface and upper layers were 
set to reflect some plant residue. Organic decay rates were calibrated to result in a 
reasonable annual balance of organic phosphorus, that Is, there was no appreciable 
accumulation or depletion of this material in the long term. The application of 
fertilizers was simulated with an addition of phosphorus as organic phosphorus to the 
surface layer in the winter and solution phosphorus to the surface layer in the spring (see 
Section 5.5,3) according to general practices and levels reported by PLUARG (197Se). 
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Pesticide loads in the soil layers of corn fields were also set in calibration and were 
initially assymed to be in the adsorbed form in all layers. Residual levels in surface and 
sub-surface layers for the start of simulation on January 1 were measured in the field 
level studies conducted by MOE (see Appendix A) and on soil samples collected by BEAK 
(see Table #.I2). Pesticide m situ decay rates were set in the model to reflect the 
observed time dependent decrease of pesticide concentration levels as measured by MOE 
in field plot studies (see Appendix A)* 

Table 5.S lists the initial conditions for phosphorus and atrazine levels as used in the 
calibrated model and soil layer depths and bulk densities used throughout the simulations, 

5,5,3 Special Actions 

Land management activities such as tillage or fertilization result in the sudden alteration 
of process parameters and state variables. As an example, when a farmer tills a field 
using a moldboard plow he affects a number of factors which in turn affect runoff, 
e-osion and agri-chemical movement by loosening the surface and upper soil layers, 
increasing the surface roughness, increasing infiltration rates, reducing plant cover, 
mixing the surface layer into the soil matrix, and increasing the amount of detached soil 
available for erosion. All of these factors can be changed in a stepwise manner using the 
"Special Actions'* facility in HSPF. This block of information replaces or increments any 
process parameters or state variables at a specified time, until readjusted or modified by 
internal processes. This facility allows for the superposition of land management 
practices onto the land area and therefore the testing of various alternative practices 
with HSPF. 

Table 5.9 lists the land management practices, affected areas and parameters altered in 
the 1985 and 1986 simulation of the Nissouri Creek Watershed runoff, erosion and agri- 
chemical movement. 

Other special actions can and have been used to reflect significant natural events such as 
a thawing period in winter which results in surface soil layer melting and increased 
Infiltration and alterations to pesticide deg; dation rates due to seasonal temperature 
changes (pesticide decay rates are not normally temperature dependent in the version 8.0 
of HSPF). 
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TABLE 5.S 




SOIL DEPTHS, BULK DENSITIES AND INITIAL PHOSPHOilUS AND PESnCIDE 












SOIL CONCENTRATIONS USED IN MODELLING 








Soli 
Layer 


Slope 
Class 

% 


Depth 


Bulk 

Density 

(gm/cm^) 


Org. P. 


Phosphorus 
Ads. P. 


Cone. 
PO#-P 


(kg/ha) 
Plant P. 


Atraz 
Cry St. 


Ine Cone. 
Ads. 


(kg/ha) 
Soln. 




Cmm) 






Surface 


111 


10 


1.30 


20. 


3^0. 


0.0 


1.0 


0.0 


0.025 


0.0 


Upper 


si 


80 


1.32 


25. 


800. 


0.0 


1.0 


0.0 


O.IO 


0.0 


Lower 


0-0.5 
0.5-2.0 
2.0-5.0 
GT 5.0 


250 

#00 

650 

1,000 


1.33 
1.33 
1.33 
1.33 


15. 
15, 
15. 
15. 


2,500. 

#,000. 

6,500. 

10,000. 


0.0 
0.0 
0.0 

0.0 


0.5 
0.5 
0.5 
0.5 


0.0 
0.0 
0.0 
0.0 


0.07 
0.11 
0.17 
0.27 


0.0 
0.0 
0.0 
0.0 


Groundwater 


all 


300 


1.35 


J* 


2,000. 


0.1 


0.5 


0.0 


OA 


0.0 



'=,Si^!sjia^M 



TABLE 5.9 



SPECIAL ACTIONS RESULTING FROM LAND MANAGEMENT PRACTICES, 1985 & 19S6 



Date 



Activity 



Allected Areas 



Affected I^rameters 



02/01 Manure spreading of 

organic phosphorus 

O'^/lf Land spreading of pre -plant 

pesticide 



Land spreading of pre-plant 
pesticide 



05/10 Land spreading of 

pre-emergent pesticide 



05/10 


Tillage 


05/11 


Fertilization 


05/18 


Post-emergent spreading of 
pesticide 


05/25 


Post-emergent speading of 
pesticide 


09/30 


Harvesting mixed grains 


11/01 


Harvesting corn 


11/10 


Spreading post-harvest 



All cultivated fields 

h)Ji corn fields 

All corn fields 

All corn fields 

All cultivated fields 
All cultivated fields 

All corn fields 

All corn fields 

All mixed grain fields 

All corn fields 

All corn fields 



pesticides 



Surface layer organic phosphorus levels 



Surface layer pesticide levels 



Surface layer pesticide levels 



Surface layer pesticide levels 



Infiltration rates 

Surface layer soluble phosphorus 
levels 

Surface layer pesticide levels 



Surface layer pesticide levels 



Surface and upper layer organic 
and plant phosphorus levels 

Surface and upper layer organic 
and plant phosphorus levels 

Surface layer pesticide levels 



3.6 Caibration/V^-iftotioii 

5,6,1 Approach 

The calibration/verification process is a systematic one in which model complexity is 
gradualiy added. Firstly, the hydro logic portions of the model (SNOW, P WATER and 
HYDR) were calibrated using the 1985 TSS. It is essential that a reliable calibration is 
achieved at this stage since all sediment and agri-chemical processes are "piggy backed" 
onto the hydrologic modeL The second stage Involved the soil erosion and sediment 
transport modules (SEDMNT and SEDTRN). Next, soil temperatyre and moisture modules 
CPSTEMP and MSTLAY) were calibrated. The agri-chemical sections (PEST and PHOS) 
were calibrated last and separately. These sections require accurate hydrologic and soil 
erosion predictions as well as simulated soil temperature and moisture in order to 
realistlcaliy simulate the sediment associated runoff of chemicals, soil matrix 
transformations Ci.e., decay, and mineralization) and solute percolation and outflow. 
Errors In calibration at any early stage will be compounded in the agri-chemical 
sections. All calibration was completed on the 1985 data set. 

In order to evaluate model simulation results, various intermediate time series were 
displayed. These time series are generally information which is only examined during 
calibration and is not a final simulation product. This type of output includes such 
variables as water content of the wowpack and evaporation from the snowpack (from 
section SNOW)| surface, upper, lower and groundwater storage (from section PWATER); 
and amounts of pesticide that is adsorbed, in solution or in a crystalline form in alt the 
soil layers (for sect ion PEST). If the simulation of any of these intermediate processes is 
in error for any reason, then this fact will be apparent In terms of the quantity of water 
or chemical in a particular compartment. For example, If unreasonably high evaporation 
rates are simulatedf then the simulated siowpack water content will decrease at an 
unreasonable rate and the pack will be reduced to unrealistic depths throughout the 
winter months. This error would also result in an underestimation of spring runoff 
volumes. Problems of this nature can be tracked and isolated by reviewing various 
intermediate state variables and process rates. 

Several intermediate state variables and fluxes were reviewed during the 

caiibration/verification process but the main evaluation was made by comparing observed 
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water quality and quantity at the four surface water monitoring sites to predicted 
values. All hourly output was aggragated to yield daily total flows and loads. This time 
frame was selected since all observed water quality loading data is in a daily form. Also, 
prediction of the exact time of a short lived response is of less concern than the impact 
that it has. That is, the simulation goal is to accurately predict the quantity of water, 
soil, and certain chemicals which runoff and the correct balance among pathways. The 
exact timing, within a period of hours, is of less overall importance. 

After reasonable results were achieved in calibrating the model with 1985 inputs for all 
parameters, the model was run with the 1986 input data. Some adjustments were made 
in the discretization scheme to reflect 1986 land use and in the "special actions" block to 
reflect changes in farm operations. In addition, initial conditions for 19S6 were set to 
reflect the final simulated conditions of 1985. In the first run, results were not as good 
as for the 1985 runs and therefore alterations were made to the most sensitive model 
parameters in order to optimize the degree of correspondence between observed and 
predicted flows and loads in both years. An Iterative process was employed in this 
manner until a single set of model parameters was found which resulted in reasonable 
simulation results for both years. 

This model testing scheme results in a partial verification. True verification requires 
that no further adjustment of model parameters tai<e place when the model is applied to 
a different data set, independent in terms of location and/or time. The 1986 data set 
was used to aid in model calibration in this case and therefore unconditional verification 
is not possible. Partial verification has been achieved in that several model simulation 
processes required no adjustment after the 1985 runs and the model has demonstrated a 
capability to perform a balanced simulation over two complete and dissimilar years. It is 
the opinion of the study team that the objectives of this study are better served by a well 
calibrated, partially verified model rather than a poorly verified version and therefore 
the 1986 dataset was used to improve calibration rather than solely for verification. 

5,6.2 Hydrology 

The results of calibration/verification are illustrated in Figures 5,6 through 5.11 in terms 
of daily total predicted and observed streamflow at stations NL, N2 and N3, for 1985 and 
1986. Surface runoff only was monitored at Station N^ and is therefore predictions are 
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Figure 5.6 Stn. Nl Predicted and Observed Total Daily Flow, 1985 
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Figure 5.7 Stn. N2 Predicted and Observed Total Daily Flow J 985 
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Figure 5.8 Stn. N3 Predictecl and Observed Total Daily Flow, 1985 
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Figure 5.9 Stn. Nl Predicted and Observed Total Daily Flow, 1986 
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Figure 5.1 1 Stn. N3 Predicted aod Observed Total Daily Flow, 1986 



not comparable in these terms. Stations N2 and N3 were operated during ice free periods 
only. In general, correspondence is very good. The early part of the 19B5 period for 
station Nl displays some discrepancy. This Is most likely due to errors In the observed 
data set due to freezing in the stilling well. Springtime snowmelt events correspond well 
in terms of magnitude and frequency but differ In timing. The spring, summer and fall 
events are well represented by the model estimates. The 19S6 predictions are also very 
good at ail stations. The largest discrepancies In 1986, lil<e In IfSJ, occur during winter 
and during the short winter freeze up and spring thaw periods. Snowmelt and 
accumulation, and freezing and thawing in the soil matrix Introduce considerable 
modelling complexity and prediction error. The apparent errors are largely timing errors 
while the overall water balance is good. 

Table 5.10 summarizes predicted and observed streamflow by month for three stations. 
Predicted monthly and annual total flows are in excellent agreement in all areas, usually 
within 10% of the observed despite monthly variation by a factor of twenty-five. 

Table 5.11 lists final calibrated values for the key hydrologic parameters of HSPF as 
identified in Table 3J 'earlier. The Addendum contains complete UCI listings. These 
should be referenced for detailed Information on parameters which vary by month or 
PLS. 

Apparent calib'ration errors can be the result of various factors Including:: 

o errors in observed data Ci.e,, precipitation and streamilow), 

o unknown land management activities, 

o temporal and spatial variability of soil characteristics on a micro scale 

unaccount'ed for due to attribute lumping, 

o averaging of non-linear prQcesses, 

© modelling oversimpliflcatiOTi of processes, 

Q inaccurate calibration values, and 

o fundamental error in model algorithms. 

It must be accepted that m^me or all of these factors apply in, any m'Od;eliing exercise. 
Those factors which are controllable have been minimized in calibration. Further 
calibration, system discretization and model complexity could result In even better 
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TABLE 5.10 



P INTHLY OBSERVED AND PREDICTED STREAMFLOW, i9S5-S6 



Y^ir Month 



StaticMi NX 
Flow (m^ X 10^) 
Observed Predicted 



Station N2 

Flow im^ K mh 

Observe Predicted 



Station N3 

Flow (m^ X 10^) 

Observed Predicted 



198J 


3an, 


2.19 


1,25 


. 


.340 


. 


.265 




Feb. 


6.28 


4.22 


■*m 


1.17 


. 


.885 




March 


6.62 


6.34 


1"! 


1.73 


_ 


1.34 




April 


2.73 


2,49 


Hiii' 


.663 


- 


,538 




May 


0,25 


0.21 


.090 


,057 


.053 


.045 




June 


0.49 


0.55 


,123 


,153 


.134 


.116 




July 


0.25 


0.25 


.051 


.068 


.050 


.053 




Aug. 


0.28 


0.25 


.059 


.069 


,048 


.050 




Sept. 


0,33 


0,29 


.063 


.081 


.049 


.061 




Oct. 


1.03 


1,28 


,270 


.326 


.181 


.287 




Nov, 


2.JS 


3.13 


.624 


.846 


.473 


.672 




Dec, 


IM 


1.S9 


- 


.521 


- 


.393 


1985 


Total 


24.5 


22.2 


■m 


6,02 


- 


4.71 


19S6 


Jan. 


131 


L31 


■m 


.339 


^ 


.282 




Feb. 


0.80 


1.15 


■1 


.283 


- 


.259 




March 


2.97 


2,73 


. 


.698 


- 


.010 




April 


0.83 


0.92 


.220 


.238 


.189 


.201 




May 


0.59 


0.56 


.198 


.148 


.134 


,119 




June 


0.39 


0.46 


.117 


.120 


,091 


.098 




July 


0.38 


0.56 


.112 


-143 


.131 


,116 




Aug. 


0.3S 


0.53 


.094 


.140 


.110 


.113 




Sep. 


1.35 


0.87 


.407 


.227 


.371 


.183 




Oct. 


1.71 


1.73 


.412 


,451 


.308 


,371 




Nov, 


0.86 


0.76 


.213 


.202 


.205 


,162 




Dec* 


0.65 


0.5S 


•160 


.151 


,152 


.123 


lfS6 


Total 


12.2 


12.2 


^ 


3.14 


- 


2.63 


- Not available 














♦ Until December 21 only 













TABLE 5.11 



CALIBRATED HSPF PARAMETER VALUES FOR HYDROLOGIC MODULE (PERLND) 



Modyle Groyp 

SNOW 



PWATER 



Parameter 

COVIND 
CCFACT 

MWATER 
MGMELT 



LZSN 

LSUR 



SLSUR* 
AGWRC , 
CEPSC**' 

UZSNt 



NSUR^ 
INTFW* 
IRC*»2, 
INFILT^ 



Explanation 

snow pack depth at complete coverage 

snow condensation/convection melt 
rate pararneter 

maKimum water content of snow pack ratio 
depth O'f water equivalent of pack 
which melts by ground heat 

lower soil zone nominal storage 
length of overiand flow phone 
slope of PLS's 
groundwater recession rate 
interception storage capacity 
upper soil zone nominal storage 
Manning's roiughness factor 
Interflow inflow parameter 
Interflow recession parameter 
Infiltration capacity 



Cal^rated Value 

20.0 mm 
1.5 

0.030 

lAO mm/d 



75.0-250.0 mm 
20-680 m 
0.025-0.70 m/m 
0.95 /day 
0-5.0 mm 
15.0-20.0 mm 

.15-.25 
2.0-6.0 
0.2-0.7 
.009-1,1^ mm/hr 



Varies by PLS type 
Varies by month 



frc -f,m'^--0'^i 



results. However, the law of diminishing returns applys. That is, much more effort, at 
this stage, can be expected to yield modest returns. We believe that the resylts at this 
stage are good and the model is suitable for hydrologic simulations, 

5.6,3 Sediment - Soil Loss 

Surface overland runoff results in erosion and sediment transport which is manifested in 
streams as high suspended sediment loads. Observed daily sediment loads were estimated 
for about 50 to 60 days per year. Most of the estimated daily loads are for runoff event 
periods and about S to 12 daily loads are for baseflow periods. Figures 5.12 through 5,17 
are plots which compare the predicted and observed dally suspended sediment loads at 
stations Nl (all year), and stations N2 and N3 (ice free period) for 1985 and 19E6, 

Considering the complexity of the erosion - sediment transport process, these results are 
reasonable. Dally pr^edlcted and observed loadings are generally within a factor of 2 and 
therefore accuracy Is ±50% on a dally basis. Predictions for late May, early June and 
October of 19S5 and most of 1916 are very good despite a range of observed ioadings 
which spans four orders of magnitude. It should be noted that errors in baseflow loadings 
are Insignificant in the context of the whole year since baseflow loads do not contribute 
significantly to annual loadings. The timing of sediment ' ids is complicated by the fact 
that sediment can be deposited in the stream following an event and scoured at a later 
time. While sediment deposition and scour in channels is simulated, very little field data 
is available to verify this component of the model* The deposition and scour terms were 
calibrated so that no significant net accymulatlon or scour was predicted over an annual 
period. 

s 

Table 5.12 summarizes the predicted watershed soil losses by month. The 1985 loadings 
occurred primarily In the spring snowmelt period and late in the year when vegetative 
cover was low. The higher daily ioadings predicted in 19S6 occurred during major events 
In 3uly and September, The 19S6 events resulted in lower monthly loads than those 
observed at any time in i9S5. The largest predicted event soil loss for 1985 and 1986 
respectively was 30S tonnes (April, 19S5) and 63.5 tonnes (July, 1986). Very low daily 
sediment transport values are predicted in months with no major surface runoff and are 
largely due to sediment scour in channels. Soil loss in 1986 is predicted to be only one 
quarter of the soil loss in 1985. 
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Figure 5.12 Stn. Nl Predicted and Observed Total Daily Suspeiided Sediment Load, 1985 
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Figure 5.13 Stn. N2 Predicted and Observed Total Daily Suspended Sediment Load, 1985 
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Figure 5.14 Stii. N3 Preclicted and Observed Total Daily Suspciided Sediment Load, 1985 
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Figure 5.15 Sin. Nl Predicted and Observed Total Daily Suspended Sediment Load, 1986 
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Figure 5.16 Stn. N2 Predicted and Observed Total Daily Suspended Sediment Load, 1 986 



10. 



0.10 






3 

i 0.010 



0.0010 




Obicrvcd 



0.00010 



-H 



+ 



+ 



+ 



+ 



Jiinuiury February MaFch April May 



4- 



June 
MootJi 



+ 



4- 



July August Ssplsfiiber October Novemfe^r December 



Figure 5.17 Stn. N3 Predicted and Observed Total Daily Suspended Sediment Load, 1986 



TABLE 5,12 



MONTHLY PREDICTED SOIL WASHOFF 



^ 



1985 



1985 Total 
19S6 



Month 


Soil Loss - Sediment Transport 




(tonnes) 


January 


t 


February 


352 


March 


503 


April 


366 


May 


8.07 


June 


253 


July 


9.36 


August 


*2.5 


September 


9.57 


October 


178 


November 


353 


December 







2,07«* 


January 


5M 


February 


5.00 


March 


46.7 


April 


42.0 


May 


I*.5 


June 


35.2 


July 


104 


August 


28,1 


September 


150 


October 


46.6 


November 


47.1 


December 


m 



If S6 Total 



525 



Table 5, 13 lists the final calibrated HSPF parameter valyes for the same sensitive 
parameters identified in Table JJ, The Addendum contains complete UCI listings. 
These should be referenced for detailed io format ion on parameters which vary by month 
and PLS, 

5.6,^ Phospliorus Loss 

As with soil loss the observed phosphorus loading data takes the form of daily loads 
measured on 50 to 60 days in each year of the field program. 

Figures 5dB through 5.23 illustrate how HSPF predictions of dally total phosphorus 
compare with observed data for stations Nl, N2 and N3 in 1985 and 19S6. Observed loads 

span # orders of magnitude over the study period. 

The calibration results are felt to be very good, especially in the summer months of 1986 
when daily loadings range from less than 1 kg to over 200 kg in response to an event. As 
is the ase with soil loss, daily loadings are highly variable and recover to low values very 
quickiy following an event. Predicted values are generally within a factor of two and 
therefore prediction accuracy is -50% over the simulation period. 

It is assumed in HSPF that phosphorus is a conservative constituent of the streamflow 
and therefore all phosphorus which enters the channels (dissolved and sediment 
associated) is transported to the watershed mouth. This is a reasonable assumption in the 
long term especially in headwater streams, Basefiow loads are due to tile drain outflow 
and groundwater seepage of dissolved phosphorus. 

Table 5,W summarizes monthly predicted phosphorus loadings for the study period. The 
19S5 loads were much higher than in 1916 due to more extreme erosion events, especially 
in the spring and fall of 19S5 and tend to reflect the predicted soil loss patterns. These 
results are discussed In Section 5,7. 

Table 5.15 lists calibrated values for key model parameters as identified in Table 5J. 
The Addendum contains complete listings of UCI values including all monthly and PLS 
variable parameters. 
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TABLE 5.13 



CALIBRATED HSPF PARAMETER VALUES FOR SOIL-SEDiyENT yODULES 



Module 



Parameter 



Explanation 



Caiibrated Value 



PERLND 



RCHRES 



SEDMNT 


SMFF 




KRER 




3RER 




KSER 




3SER 




AFFIX 




COVER^»2 


SEDTRN 


KSAND 




EXPSND 




TAUCD 



TAUCS 



M 



supporting managemerit practice factor 
soil detachment parameter - constant 
soli detachment parameter - exponent 
soil washof f parameter - constarit 
soil washoff parameter - exponent 
rate of soil reattachment 
vegetative cover ratio 

sand load capacity parameter 

sand load capacity exponent 

shear stress below which deposition 

of silt and clay occurs 

shear stress above which settling of 

silt and clay occurs 

erodibility of sediment silt, and sedimen 



1.0 

0.15-0.42 

1.7 

,15 -2.7 

0.8 

0.50/day 

0.05 - O.SO 

0.50 

0.60 

1.8, 0.8 kg/m^ 

1.8, O.S kg/m^ 

0.02, 0.002 kg/m^d 



^ Varies by PLS 

2 

Varies by moiith 
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Figure 5.18 Stn. Nl Predicted and Observed Total Daily Phosphorus Load, 1985 
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Figitre 5.19 Stn. N2 Predicted and Obsefved Total Daily Phosphorus Load, 1983 
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Figure 5.20 Stn. N3 Predicted and Observed Total Daily Phosplionis Load, 1985 
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Figure 5.21 Stn. Nl Predicted and Observed Total Daily Phosphorus Load, 1986 



10. - 



t 

i 



0.10 ■ 



0,010 




Janyary February Marcli April 



M»y 



lu:ite: 
Month 



jMlly 



August Septembei October Novembes- Oecember 



Figure 5.22 Sin. N2 Predicted and Observed Total Daily Phosphorus Load, 1986 
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Figure 5.23 Stn. N3 Predicted and Observed Total Daily Phosphonis Load, 1986 



TABLE 5.1% 


MONTHLY PREDICIED PHOSPHORUS LOADS 


V^r 


Montli 


Totel Phosphorus Load 

(kg) 


1985 


January 


6i.S 




February 


1,894 




March 


2,591 




April 


1,219 




May 


4,51 




June 


710 




July 


17 J 




August 


96.5 




September 


8,12 




October 


449 




November 


1,041 




December 


184 


19S5 Total 




8,284 


1986 


January 


104 




• February 


69.1 




March 


274 




April 


72.1 




May 


22,5 




June 


88.2 




July 


275 




August 


54.5 




September 


329 




October 


92.9 




November 


105 




December - 


24.2 


1986 Total 




1,511 



1 



Until December 21 only 



TABLE 5.15 



CALBRATED HSPF PARAMETEil VALUES FOR PHOSPHOROUS MODULES 



Module 



Parameter 



Es^lanation 



Calibrated Valye 



PERLND 



PHOS 



SKPLP^»2 
UKPLP^»2 
LKPLP*»2 

AKPLP^»2 

X 

K 

N 

KIMP^ 

KMP^ 



Plant uptake rates in surface soil layers 
Plant uptake rates in upper soil layers 
Plant uptake rates in lower soil layers 
Plant uptake rates in groundwater soil layers 
Freundlicii Isotherm parairieter for four soil layers 
Freundlich Isotherm parameter for four soil layers 
Freundlich Isotherm parameter for four soil layers 
Phosphate immobilization rate constant for soil layers 
Phosphorous mineralization rate constant for soil layers 



0-L5/day 

0-90 /day 

0-10/day 

0-0. i /day 

300-1,100 mg/l 

700-2,200 

3.0 

.01 -.02 

.003-.01 



Varies by PLS 
Varies by month 
Varies by soil layer 



J. 6. J Atrazine Loss 

The results of atrazine modelling appear In Figyres 5M through 5,29 for daily predicted 
and observed loads for stations Nl, N2 and N3. Observed loadings span more than three 
orders of magnitude with daily loads ranging from 0.004 kg to 17.1 kg in 1985 and from 
.001 kg to 1.97 kg in 1986. 

The calibrated results are good, generally within 10-20% of observed values- Loadings 
are highly variable and retum to base levels a few days after an event. The rate of 
return to base levels Is not as rapid as with soil and phosphorys because a larger portion 
of atrazine transport is via sub-surface routes in a soluble form. 

Table 5.16 summarizes monthly watershed loadings of atrazine for the study period and 
the estimated % of atrazine applied which is lost in each year. In both years the major 
runoff occurred in June. There was also substantial runoff dyring the snowmelt runoff 
period in early 1985 and in November of that year. In both years the atrazine loss is 
relatively low at 3.3% and 0.84% of that applied. 01 course this factor is influenced by 
residual atrazine carried over from previous years. The majority of atrazine is applied in 
a pre-emergent spray in April-May and/or a post-emergent spray in May-3une, A 
discussion of these results is presented in the next section. 

Talble 5.17 lists HSPF calibrated values for the sensitive atrazine parameters as discussed 

In Table 5.27. The Addendum contains a listing of the relevant UCI, This should be 
referenced for details on parameters which vary monthly or by PLS. 

$^' Bmaammi 

5.7.1 Generml 

The monitoring program undertaken in this study did not provide continuous records of 
Nissouri Creek water quality, nor did it allow for an In-depth examination of all 
hydrologic pathways in the system. Rather, the approach taken allowed for the 
calibration of HSPF within a reasonable level of confidence. Given this level of 
predictive confidence and the comprehensive nature of HSPF in terms of hydrology and 
water quality processes, we can make inference about actual watershed processes and 
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Figure 5.24 Sin. Nl Predicted and Observed Total Daily Atrazine Load, 1985 
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Figure 5.25 Stn. N2 Predicted and Observed Total Daily Atrazioe Load, 1985 
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Figure 5.26 Stn. N3 Predicted aod Observed Total Daily Atrazine Load, 1985 
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Figure 5,27 Stn. Nl Predicted and Observed Total Daily Atrazine L^ad, 1986 
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Figure 5.28 Stn. N2 Predicted and Observed Total Daily Atrazine Load, 1986 
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Figure 5.29 Stn. N3 Predicled and Observed Total Daily Atrazine Load, 1986 



TABLE J.16 



MONTHY PREDICTED ATEAZINE LOADS 



19S5 



Moiith 



'January 

Febryary 

March 

April 

May 

June 

3uly 

August 

September 

October 

Nove'mber 

December 



13K5 Total 
Total Applied 
% Runoff 

1986 



January 

February 

March 

April 

May 

June 

July 

August 

Septeimber 

October 

Novennber 

December^ 



1986 Total 

Total Applied 
% Runoff 
^ To Deceniber 21 only 



Atrazine 
(kg) 

1.66 
«.6* 
3.65 
2.50 
0.S92 
27,3 
1.70 
2,06 
0,789 
S.93 
23.5 
16.2 

95.7 

2,859 

3.3 



1,12 

0.S59 

1.84 

0.667 

1.02 

4.07 

3.32 

1.16 

1.42 

l.il 

0.253 

0.212 

17.1 

2,046 

0.84 



TABLE 5.17 



CALIBRATED HSPF PARAMETER VALUES FOR ATRAZINE MODULE 



Modyle 



Group 



Parameter 



Explanatiim 



Calibrated Value 



PERLND 



PEST 



SDGCON 
UDGCON 
LDGCON 
ADGCON 

K 

H 



Pesticide degradation rate for surface soil 
Pesticide degradation rate for surface soil 
Pesticide degradatioti rate for surface soil 

Pesticide degradation rate for surface soil 
Freundilch Isotherm parameter for four soil layers 

Freuindllch Isotherm parameter for four soil layers 
Freundilch Isotherm parameter for four soil layers 



.001-.015/d 

.001-.015/d 

.003-.007/d 

.005-.0077d 

0.0 mg/l 

3.0-12.0 

1.0-1. J 
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the mass flux and rates of material movement for the study period. This section provides 
a review of some of the model results in general terms as an aid to understanding the 
motivating factors behind erosion and agricuiturai chemical movement. 

5.7,2 Hydrology 

Table 5. IS summarizes predicted watershed outflow via surface overlaod runoff, 
interflow, and groundwater flow along with total precipitation input and 
evapotranspiration outflow for two study years. Total runoff differed considerably as the 
19i5 volume exceeded the 1916 volume by about 10 x 10^ m^. This difference Is largely 
due to higher observed precipitation and lower evapotranspiration in 19S5. About 7,5 x 
10^ m^ more water entered the watershed by precipitation in that year while estimated 
evapotranspiration was lower by U x 10^ m^. There was also more snow cover on the 
ground carried over from 191* at the beginning of 19S5 than in 19S6. As a result of these . 
differences in the water balance, a major difference in the hydroiogic pathway fluxes 
resulted. Surface runoff in i9S5 was predicted to be more than eleven times greater 
than in 1986. A smaller decrease in Interflow from 1985 to 19S6 was predicted and 
grouodwater flows were very similar In both years. 

Table 5.10 shows that the bulk of the total runoff measured and predicted for 1985 
occurred in the January to April and September to December periods. The 1986 runoff 
was similar in the September to December period: but was much less in the winter and 
early spring months. Model results indicate that this discrepancy Is almost entirely 
accounted for by surface overload runoff as a result of heavier snowfall and snowmelt in 
early 1985, 

Table 5,19 provides a summary of total watershed outflow, precipitation and yield by 
season for the two full study years. It is clear that the ma|ority of total runoff occurred 
in the winter and autumn periods in both years. While precipitation was relatively low by 
proportion during these periods, (with the exception of autumn, 1985) low 
evapotranspiration during the colder months and siow cover carried over from 1984 
contribute to high runoff and very high yields. Winter yields exceed 100% due to high 
soil water levels and snow cover carried over from the previous season as well as some 
likely undercatch in precipitation gauges which results in an underestimate of winter 
prec ipita t ion est Imates. 
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TABLE JJ PREDICTED WATERSHED SURFACE AND SUBSURFACE RUNOFF 



1985 1986* 

Total Predicted Runoff (m^ x 10^) ' 'WLM 12.2 

Total Surface Runoff (m^ x 10^) 8.38 0.75 

Total Inter dw Runoff (m^ x 10^) 8.58 5J2 

Total Groundwater Runoff (m^ x 10^) 5.22 5.93 

Total Estimated Precipitation {vr? x 10^) 37.3 29,8 

Total Predicted Evapotransporation (m^ x 10^) 15.1 17,6 



♦To December 21 
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SEASONAL SUMMARY OF PREDICTED WATERSHED OUTFLOW AND STREAM 
LOADINGS OF SEDIMENT, TOTAL PHOSPHORUS AND ATRAZINE FOR 1915-86 
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Winter Pan. -March) 


1985 


259 


22.0 11.8 


08.2 
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41 


^33 


55 


11.9 


13 


16 




I9S6 


90 


9.6 5.2 
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37 


11 


0.05 
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3.8 
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0.05 


Spring {Apr.-3une) 


1985 
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13.5 


52 
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1.93 
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30.6 
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1986 
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0.00 


Summer (Jyly-Sept.) 


1985 
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0.12 
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0.6 
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06.0 2.0 
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0.00 
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39.0 6.3 


25.7 


m 


531 


26 
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08.5 
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15 


L6 
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0.02 



Yield is calculated as (total streamf low/total precipitation volyme) x 100 
To December 21, 1986 



spring and summer outflow and yields in both years decrease dramatically from those in 
the colder months due to high evapotransplration. Note that periods of abnormally high 
preclpitatlori including the autumn of 1985 and the late summer of 19S6 have higher 
stream flow and yields. 

Table 5,20 summarizes predicted surface overland runoff for the whole watershed along 
with precipitation inputs for snowmelt periods and extreme meteorologicai events. In 
this table, the most intensive snowmelt periods of 1985 and 1986 are lumped as one entry 
aiong with the major warm weather storms of 1983 and 19S6. Only eight storms are 
considered to be major in this summary with six occurring In 1985 and only two occurring 
In 19S6. These storms resulted in 11 to 120 mm of rainfall and significant surface 
runoff. Smaller storms in this group occurred at times when soil moisture levels were 
already high. It is interesting to note that only 9,1% of the total period precipitation fell 
during the snowmelt periods, but because of the contribution of existing snow and ice 
about S2% of all surface runoff occurred during this period which totalled only 57 days. 
Similarly, while only 15.3% of the total period precipitation fell during the six major 
events of 1985, these periods account for most of the remaining surface overload 
runoff. The two remaining major precipitation events of 19S6 account for only a small 
amount of the surface overland runoff. 

The other periods, which include more than 69% of all measured precipitation account 
for only ft. 5% of the surface runoff. While the many smaller rainfall and snowmelt 
events maintain the baseflow in the sytsem, it Is clear that volume and frequency of 
surface overland runoff is highly dependent upon the rare event of extreme proportions. 
The Importance of surface overland runoff in determining soil, phosphorus and atrazlne 
movement Is discussed below. 

No correlation between precipitation volume and surface runoff volume on an event basis 
is possible since antecedent conditions play a major role in determining the relative 
proportions of surface and sub-surface flow. 

5.7.3 Soil Loss 

Table 5.21 summarizes the predicted soil loss and transport to streams by land use and 
soil type on a unit area basis. The non-cultivated areas contributed heavy loads in both 
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TABLE 3.20: 




SUMMARY OF PREDICTED SURFACE RUNOFF AND STREAM LOADINGS OF SEDIMENT, TOTAL 
PHOSPHORUS AND ATRAZTNE DURING SIGNIFICANT METEOROLOGICAL EVENTS FROM 1985 TO 1986 
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TABLE 5.21 



PREDICTED UNIT AREA SOIL WASHOFF BY LAND USE AND SOIL TYPE 



Land Use 



19SJ Washoff 

Ct/h) 



I9S6 Washoff 

Ct/h) 



Corn 

Mixed Grain 

Non-cultivated 



0.53 
0.^% 



0.11 
0,1^ 
0.39 



Soil Type 



Sandy loam 
Medium silt loam 
Fine silt loam 
Organic 
Watershed Average 



0.59 
0.50 
0.78 
0.3S 

0.51 



0.12 
0.11 

0.17 

Q.m 

0.17 



Whole Watershed PLUARG (1976) EstimateJ 0.35 t/h 



years as did the organic soils. This is due to the fact that the non-cultivated land and 
high organic soils tend to be near the stream in areas with high topographic relief. These 
areas therefore have much higher delivery ratios and are subjiect to more rill and gully 
erosion than the flatter areas which are further from the watercourse. The corn and 
mixed grain land uses contributed similar soil loadings in both years. Mixed grains 
contributed marginally more soil because of the lower canopy cover typical for these 
crops. 

Fine particle soils were predicted to contribute significantly more soil to the 
watercourse than the sandy soils as expected because of their higher erodability and 

tendency to remain in .syspension in overland flow. 

•s, 

The results of this study are very similar to the PLUARG estimates (PLUARG, 1976) 
when 1985 and 1986 are averaged. Clearly, annual variability in soil erosion is very high. 

Table 5,19 summarizes predicted seasonal stream loadings of sediment and the 
percentage of annual loads by season* The winter, spring and autumn of 1985 contributed 
the majority of the total period sediment loading with the largest load occurring in the 
spring of 1915 along with the high stream flows of that period. Summertime loadings tend 
to be much lower as crop canopies protect the soil and plant stalks inhibit soil delivery to 
the streams. The highest percentage of sediment loadings for 1986 occurred In the 
summer months but the total load was much less than winter, spring and autumn loadings 
predicted for 1985. 

Frozen ground and snow cover In the winter months tends to modify the soil loss 
considerably when soli losses by season are compared to streamflow for the ^me 
periods. This Is especially apparent when the soil loss and streamflows for the winter of 
1916 are compared to those for the autumn of 19S3. Streamflows are similar in these 

cases yet soil loss differs by an order of magnitude. Autumn Is a transition period during 
which crop cover is reduced with a concomitant increase In soil erosion potential. 

Table 5,20 summarizes predicted sediment loadings during snowmelt periods and during 
the major storms of 1985 and 1986. The relationships between erosion/soil delivery and 
surface overland runoff is clear. About 35% of the total period soil delivery occurs 
during the snow melt periods when S2% of the surface overland runoff occurs. Obviously, 

^020-1 5.20 . 



snow and ice cover and the frozefi state of the soil modify the soil loss to some extent. 
The soil losses during the six significant 1985 warm weather storms is also very high. 
During these events which result in only 13% of the surface runoff, almost 40% of the 
total period sediment loadings occur. In fact, hundreds of tonnes of material were 
transported out of the watershed in single events especially during early spring and late 
fall when crop cover was low- 

The two major events of 1986 were proportionally smaller and resulted in considerably 
less soil delivery than the 1985 events. About 80% of all sediment loading to the 
watercourse occurred during the relatively short snowmelt periods and eight major 
events over the two year period during which only about 31% of all measured 
precipitation occurred. 

As discussed earlier, antecedent conditions greatly affect the incidence of surface 
overland runoff and therefore, a simple correlation between sediment loadings caused by 
runoff and rainfall and precipitation volume and intensity is not possible. 

5.7,4 Total Phosphorus Loss 

Table 5.22 lists predicted total phosphorus loadings to the watercourse as well as loadings 
of sediment-associated, surface phosphate and ub-surface phosphate for both full study 
years. The ratio of sediment -phosphorus to the total phosphorus load is also listed. 

'ital phosphorus loadings decrease by a factor of five from 1985 to 1986, This reduction 
Is especially apparent in terms of sediment associated phosphorus and surface phosphate 
runoff. The reduction in sediment associated phosphorus is similar in proportion to the 
reduction in soil loss predicted from 1985 to 1986, The reduction is consistent and 
understandable since sediment associated phosphorus is totally dependent upon soil 
transport and delivery. 

Phosphorus loadings predicted in this study are similar in 1985 to those estimated in the 
PLUARG study (see Table 3.6). An average of about 4.9 tonnes of phosphorus were 
predicted to be lost in this study. The PLUARG studies reported that about 4.6 tonnes 
was lost annually from 1975 to 1977. 
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TABLE 5.22 



PREDICTED WATERSHED PHQSPHQEOUS PATHWAYS 



1985 



1916 



Total Phosphorys Load (kg) 

Sediment- Associated Load (kg) 
Surface Phosphate Runoff (kg) 
Interflow Phosphate Runoff (kg) 
Groundwater Phosphate Runoff (kg) 
Sediment P/Totai P 



S,2S4 
4,SS1 
3,000 

290 

113 
0.59 



1,511 
902 
291 
191 
127 
0.60 



PLUARG Total Phosphorus Load Estimate (1976) using Beala Estimator (kg)i ^,600 



The surface phosphate redyction is propdrtionally mora pronounced, decreasing by a 
factor of about ten from 1985 to 1986. This reduction is consistent with the proportional 
decrease in surface overland runoff from 19S5 to 1986 of about eieven times. 

The reduction in sediment associated phosphorus and surface phosphate runoff can 
therefore be explained in terms of the predicted reduction in soil loss and surface 
overland runoff. The effects of agricultural fertilizer application and some organic 
phosphorus (plant residue) washoff in the overall mass balance are relatively minor and 
tend to only cause marginal modifications to the total phosphorus delivery* 

Predicted sub-surface phosphorus delivery accounts for about 5% and 21% of the total 
loadings in 1985 and 1986 respectively. The total mass of this component remained 
relatively constant from 19S5 to 1986 at 318 to #03 kg. Higher loadings of sub-surface 
phosphate in 1985 were due to higher total interflow (see Table 5.18). 

Table 5,19 summarizes the predicted total phosphorus loadings to the watercourse by 
season for both study years. In addition to the soil attached form phosphorus has ^b- 
surface and surface soluble components which tend to modify the seasonal trends 
although phosphorus transport is also highly related to surface overland runoff. A higher 
proportion of phosphorus is predicted to move into the streams during the snow melt 
period than sediment because of the additional phosphorus component caused by overland 
flow leaching phosphorus from surface soils. The ratio of total phosphorus to soil at the 
watershed outlet averages 6.6 gm/kg in the winter months decreasing to 2.4 gm/kg during 
the other months. 

Table 5.20 summarizes predicted total phosphorus loadings to streams during snowmelt 
periods in, 1985 and 1986 and during the mafor warm W'eather storm events. This 
summary confirms the observation from Table 5.19 regarding the relatively higher 
proportiofi of phosphorus than soil which washes off during snowmelt periods as almost 
half of the total phosphorus loading occurred during snowmelt. As was the case with 
sediment loadings, a large portion of the total phosphorus loading occurred during the 
eight most significant storms ana relatively little loading occurred during the other 
times* 
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3JJ Atrazine Loss 

Table 5.23 summarizes the predicted pathways of atrazine in terms of the total stream 
loading, sediment associated loading, surface soluble loadings, interflow loading and 
groundwater loading for 19S5 and IfSS. It is clear from this table that the majority of 
atrazine (99%) moves in the soluble form due to its relatively high solubility in water and 
low affinity for soils. The reduction of atrazine loadiiigs from 19SJ to 1986 are 
consistent with those predicted for phosphorus loadings with a reduction by a factor of 
about five. As noted in Table #.16 there was a significant redyction in the amount of 
atrazine applied from 1985 to 1936 by about #0% which accoynts for a portion of the 
decrease. Atrazine runoff predicted in this study was similar in 1986 to that estimated 
dyring the PLUARG study period. Totai atrazine application rates were higher in this 
study with 2,839 and 2,046 kg applied in 1985 and 1986 respectively (see Table 5.16) and 
about 2,050 i<g applied annually from 1975 to 1977 (see Table 3.7). 

Table 5.19 summarizes the predicted watershed loadings of atrazine by season along with 
the percentage of available atrazine which was lost to the watercourse. The snowmelt 
period of 1985 was an active atrazine transport period due to the extremely high surface 
overland runoff. Overland runoff would result in the solubilization of the residual 
atrazine in the surface soils from the previous year. Most of the atrazine is applied in 
the spring period. This period is predicted to be an active transport period accounting 
for about one third of the total annual losses. The high surface overland runoff predicted 
in the summer of 1986 and autumn of 1985 (some atrazine is applied in the autumn for 
overwinter weed control) were also very active atrazine loss periods. In terms of the 
percentage of available atrazine which was lost to the watercourse, the summer periods 
are very low. 

The PLUARG study estimated that the January to April period was the most active 
atrazine movement period although the May to August period contributed significantly as 
well (see Table 3.8). In that study, the most active periods were In February and March 
of 1976 and March of 1977. These were likely snowmelt periods. Other months of active 
movement were in June of 1975 and July of 1976 following the application periods (see 
Table 3.9). 
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TABLE 5^3 PREDICTED WATERSHED ATRAZINE LOAD PATHWAYS 

' ^ 1983 i9S6 

Total Atrazine Load (kg) " 95.7 17.1 

Sediment Associated Load (kg) 1,3 0.2 

Surface SQluble Atrazine Runoff (kg) ##,S 2.7 

In terflow Atraz ine Runoff ^1.7 11, 1 

Groundwater Atrazine Runoff 7.9 3.1 

PLUARG Atrazine and Desethyatrazine Runoff (kg) May 1975 - April 1977; 16.1 



^ . ,.J. 



Table 5.20 summarizes the stream loadings of atrazlne predicted for snowmelt and major 
warm weather storms In 1985 and 1986. Ciearly, the 1985 storms resylted in the most 
washoff of atrazine while the 1986 storms and the snowmelt periods contributed 
relatively little. 

The other periods contributed over 34% of all atrazine washoff while contributing only 
20% and 13% to sediment and phosphorus washoff. This relatively larger contribution is 
due to the fact that atrazine is more mobile through the tile drain system- As noted in 
Section ^.3.3, atrazine was commonly found in the four selected tile drain outfalls. It 
was also observed to penetrate the soil profile to a depth of 30 cm in the field level 
decay studies (see Appendix A) and was found in piezometers at a depth of 2.^ metres. 
While soil and phosphorus loss through tile drains was predicted to be relatively small 
(phosphorus losses through tiles were predicted to be 5% of the total, see table 5.22), the 
atrazine losses by this route are significant at ^^ and 65% of the total losses predicted 
for 1985 and 1986 respectively. Groundwater pathways for atrazine loss are also 
predicted to be significant accounting for S and 18% of the losses In 1985 and 1986 
respectively. Sub-surface pathways combined are predicted to account for 57% of the 
total atrazine loss over both years. The PLUARG study estimated that about 31% of 
atrazine was transported in baseflow which Includes tile flow and groundwater flow (see 
Table 3.10). 

Atrazine, therefore, appears to behave in a similar manner to phosphorus inasmuch as it 
is most mobile during extreme storm events, especially during very active snowmelt and 

erosion periods and storms which occur shortly after application. However, atrazine 
decays In situ and is present at highly variable amounts throughout the year. It is not 
present at high levels in the soil during the winter and early spring and is therefore not as 
susceptible to mowmelt washoff as is phosphorus. Also, atrazine Is relatively soluble and 
mobile In the topsoll layer. Therefore, atrazine can percolate to the depth of the tile 
drains (OJ to 1,5 metres) following less significant storms and enter the watercourse in 
relatively larger amounts than phosphorus. Groundwater transport of atrazine is 
relatively small because the time required for transport from the field to the stream by 
groundwater Is sufficiently long to allow for substantial decay and uptake by plants. 

Total atrazine loss predicted in this study was relatively low at Q.S to 3.3%. Since losses 
are distributed over several events it is unlikely that watercourse concentrations will rise 
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to lethal levels at any time. The highest atrazine concentration In surface water 
observed in this study was 350 yg/L at station N3, The estimated 96 hour LCgg for 
rainbow trout is ^.5 mg/L (Agriculture Canada, 1982), 



#020-1 5,25 



6J3 HSPF DiMONSTRATION 

The overall objective of land management modelling is to assist In developing best 
management practice (BMP) plans for fields, farms, and regions. The initial task in 
modelling BMP's is to define the existing agricultural practice. The model set-up for the 
existing case using a calibrated model requires that process parameters and special 
criteria selected reflect these farming practices. In the Nissourl Creel< Watershed at the 
time of this study conventional farming practices predominated. Cultivated fields were 
either continuously row cropped or were In a rotation with row crops and mixed grains. 
Most fields were tilled by molAoard plowing and usually one other secondary tillage 
operation to prepare the soil for planting. Cultivation was usually In rows parallel to 
field boundaries rather than to topographic contours. Fertilizer was added to the field 
syrface In the form of manure (usually in the fall or winter) and chemical solutions or 
slurries near seeding time. Atrazine was used on almost all of the corn hectarage for 
weed control. Applications were most common in late spring after planting at a pre- 
emergent or post-emergent stage. Some atrazine application occurs In the fall after 
harvest to control weeds over winter. The bulk of the atrazine was added by surface 
spraying of chemical slurries and solutions. 

Some plant residue is allowed to lay on the surface of fields from harvest to spring 
tillage. However, fall plowing was more common. Fields soils were therefore totally 
exposed for some period of time between plowing and crop canopy development. Crops 
were planted as close to drainage channels as possible (usually within a few metres) with 
a narrow, usually steep, grass strip along channel banks. 

The calisrated version of HSPF discussed earlier reflects conventional farming 
practice. The timing of special operations such as fertiUzation, pesticide spraying, 
tillage operations, and planting Is variable from field to field, farm to farm, and year to 
year depending upon weather, farmers schedules, market forces, etc. 

Conventional practices generally result in uncontrolled or "worst case" erosion and 
chemical loss for a particular watershed, BMP's are designed to improve upon localized 
and general conditions which lead to erosion without significantly reducing farm 
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productivity. A list of BMP's have been compiled by Donigian et aL (1983), from several 
previous reports. These practices are relevent to areas like the Nissouri Creek 
Watershed* A definition of each practice is inciuded in Appendix G. 

The BMP's described in Donigian's report include non-structural measures which are 
generally practices which affect tillage practices and farm operating procedures in an 
attempt to protect the soil surface, reduce surface runoff, retard soil loss, and provide 
more moisture storage and infiltration. Structural measures are those which necessitate 
construction of control and treatment equipment or structures in the watershed. These 
measures often focus on localized problems and sometimes require continuous 
maintenance. They do not generally affect farm practices or field operations, A third 
type of BMP Is the input management option. These practices focus on improving and 
optimizing the use of pesticide and/or fertilizer and thereby reduce the loss of agri- 
chernlcals by limiting their vulnerability and availability, 

Donigian's report Includes a list of impacts for each BMP and a discussion of how each 
mffects the relevant HSPF parameters or special actions. The accuracy with which one 
can adjust model parameters to reflect proposed changes is questionable at this stage in 
the development of the technology. This is one of the areas of research commonly 

recom,mended by model users. The Donigian report can therefore provide only general 
guidelines or reasonable estimates for model adjustment. 

As part of this study a set of six BMP's were selected. These Includes 

o no tillage or zero till, 

o contour-strip cropping, 

o complete tile drainage, 

o retention basins, 

o optimization of agri-chemlcal application, and 

o incorporation of agri-chemicals below the soil surface. 

Each of these practices was examined through two year simulations (i9S3 and 19S6 input 
data sets combined) with adjusted model parameters and special conditions. 
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The pyrpose of these demonstration simulations is to perform typical assessments and 
demonstrate how HSPF can accommodate, and is sensitive to, a wide variety of 
alternative management scenarios. The accuracy of prediction for the various scenarios 
is dependent upon the accuracy of change made In relevant model parameters. Since 
very little Ontario experience has laeen pyblished in this respect, the predictions should 
be regarded as qualitative In nature. 

The predicted percentage reduction of each BMP from the base case should be treated as 
a "ball parl< estimate" of the specific scenario benefits. In some cases model parameters 

have been altered significantly to highlight the sensitivity of the model to a process and 
therefore predicted results tend to be very optimistic or "best possible". In land 
management planning, a more conservative approach may be warranted in which 
modellers consider parameter changes very carefully and in most cases a practical lower 
and upper confidence limit should be predicted from multiple computer runs. 

As in all BM,P dem^onstratlons, a base case was run with the linked, 1985 and i9S6 time 
series Input files. The 1986 land use system was used in this assessment since it involved 
fewer PLS's and therefore fewer computational elements. Each BMP was run for the 
same period and all results are presented in terms of accumulative soil, phosphorus and 

pesticide losses. Soil losses are not evaluated for the input management options sine, 
these practices only affect chemical movement. 

In addition to ByP demiWstration, runs, five HSPF utility modules were used In a 
demonstration mode to illustrate their usefulness and the power of the data management 
aspects of HSPF, These modules Includes 

o PLTGEN for plot file generation, 
o COPY to prepare and modify TSS input files, 

o GENER to modify, aggregate or perform standard transformations on time 
series files, 

o D'URANL to cone .:ct excuslon and lethality analyses, and 
o DISPLY to summarize and tabular ize time series data. 

The input/output and usefulness of these routines as well as the BMP demonstration are 

discussed in more detail below. 
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i«2 Best l^nagemeot Practices 

6.2.1 No Tillage 

The no tillage system is one of the most commori and often most effective land 
management practice. In this system the soil is not cultivated. Seeds are pushed into 
the soil with a seed drill. Crop residue is left on the surface and chemical weed control 
is usually required. 

The most obvious benefits of imposing a no till system onto a conventional system 
include the following: 

® plant residue protects soil from rain drop impact and resultant sheet erosioni 

m plant residue increases interception capacity and therefore reduces surface 

runoff volume; 

# plant residue Increases surface roughness which in turn slows surface runoff, 
allows more settling of eroded material and increases total infiltrationi 

# reduced tillage results in less soil compaction and the maintenance of higher 
infiltration rates in the long term. A slight reduction In infiltration rates may 
occur In the short term due to the fact that conventional plowing lossens the 
surface soil layer and increases infiltration for a few monthsi 

# the structure of surface soils is maintained which reduces soil erosion by 
overland flow, termed rill and gully erosion. There Is also a slight increase in the 
surface soil water holding capacityi and 

m more evapotransplratlon occurs in the sub-surface soils as more deep rooted 

vegetation remains in place. 

Table 6.1 lists the relevant model parameters and the changes which were used in the 
conventional and the no till systems. 

Figures 6.1 to 6.3 display the predicted base case and no till cumulative soil, phosphorus 
and atrazine losses. Table 6.2 summarizes some relevant comparison data for the 
conventional and no till case for the whole watershed. The no till system is predicted to 

result in significant surface runoff and soil loss reductions (13 and 2S% respectively) with 
a corresponding savings of sediment associated and soluble phosphorus of 25%, Atrazine 
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TABLE 6.1 



CHANGES TO HSPP PARAMETERS FOR A NO TILL LAND MANAGEMENT SYSTEM 



Parameter 



CEPSC 



UZSN 



NSUR 



INFILT 



LZETP 



COVER 



Meaning 

Interception storage 



Upper zone water 
storage capacity 

Surface rooighness 
Parameter 

Infiltration capacity 



Lower zone 

t vapotransp Irat Ion 

Proportion of land shielded 
by vegeta ' m 



Convent ionat Valye 

Varies from 0.0 mm In fall and 
winter to maximum of from 2.0 to 
5,0 depending on slope class, 

IJ.O to 20.0 mm in late summer. 



Winter vaiue of 0,13 to summer value 
of 0.25. 

Winter - .001 mm/h. Spring, 
summer & fall up to 1.0 mm/h. 

Winter 0.1 
Summer 0.5 

Winter -0.03 
Summer up to 0,8 



No Till Value 

Fall and winter minimum values 
raised to 2.0 to 2.5 and maximum 
values are left as is. 

Winter values raised to 20.0 mm 
and summer values set at IS.O. 

0.25 all year 



Summer maximum reduced to 
0.5 mm/h. 

Winter raised to 0.15. 



Winter raised to 0.3 to 0.^. 



KSER 



Soil washoff parameter 



»13 to 26 depending on soil. 



,10 to .17 depending on soil. 



Figure 6.1 Ease Case and No Till Watershed Cumutative Soil Loss, 19B3-86 
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Figure 6.3 Base Case and No Till Watershed Cumulative Atrazine Loss, 1985-S6 
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TABLE 6.2s SURFACE RUNOFF, 


SOIL, PHOSPHORUS AND ATRAZINE LOADINGS PREDICTED 






- 


UNDER SIX LAND MANAGEMENT SCENARK 


, 1985-86 












Base 
Case 


No 

Till 


Strip/ 
Contour 


Retention 
Basins 


Tile 
Drainage 


Optim- 
ization 


Incorp- 
oration 


Total Surface Runoff (m^ x 10^) 
Surface Runoff Redyctlon (%) 




9,82 


8.3% 
13.0 


9.5% 
2.9 


9.82 



6.92 
29.5 


9.82 



9.82 




Total Soil Load (tonnes) 
Soil Loss Reduction (%) 




3,975 


2,851 
28.3 


1,301 
67.3 


2,692 
32.3 


2,09% 
%7.3 


3,975 




3,975 



Total Phosphorus Load (kg) 

Sed inment- Assoc iated Phosphorys 

Phosphate Load (kg) 

Total Phosphorus Loss Reduction 


Load (kg) 

(%) 


11,39% 
7,#9# 

3,900 


8,558 
#,960 
3,598 
2%.9 


8,%92 
2,823 * 
5,669 
25.3 


8,973 
5,075 
3,900 
21.2 


7,007 
3,971 
3,036 
38.3 


11,39% 

7,%9% 

3,900 




11,088 
7,296 
3,792 

2.7 


Total Atrazine load (kg) 

Sediment- Associated Atrazine Load (kg) 

Soluble Atrazine Load (kg) 

Atrazine Lost/Applied Atrazine x 100 (%) 

Total Atrazine Loss Reduction (%) 


70.0 
1,27 

68.7 
1.62 


65.2 
0.93 

64.3 
1.31 
6.9 


56.1 

0.15 
55.9 

1.28 
19.9 


69.6 
0.85 

1.59 

1.9 


37.8 

.%0 
57A 

1.33 
17.9 


%9,6 

1.2 

%8.% 

1.12 

31.0 


71.5 
.01 
71.5 
1.65 



- Not applicable 



runoff is ooly marginally affected. The no till system has the potential of providing a 
substantial improvement over conventional systems in terms of soil and soil attached 
chemical loss* 

6.2.2 Strip Contour Cropping 

This management scenario involves cultivation in rows which are perpendicular to the 
slope of the land in relatively narrow strips (10 to 20 metres). Row crop strips are 
alternated with strips of cover crop, (hay, red clover, etc.). Since furrows run 
perpendicular to the slope in this case, they intercept surface runoff streamlines, thus 
slowing runoff, increasing infiltration and reducing soil transport capacity. The cover 
strips are low erosion areas and act as sediment traps for overland flow from cultivated 
areas thus reducing delivery ratios to the watercourse. 

In assessing this scenario, considerable internal linkage changes were necessary in 
HSPF. Surface runoff from cultivated fields was routed to adjacent cover strips rather 
than directly to the streams. Sub-surface runoff from cultivated land which is tile 
drained was routed to the streams as before but sub-surface fiow from non-tiled row crop 
land was routed to the sub-surface layers beneath the cover strips. The cover strips 
therefore intercepted surface and sub-surface runoff in this scheme. 

In addition to surface and sub-surface runoff routing changes, some HSPF parameter 
changes were made. The upper zone storage was increased to reflect the increased 
depress ional storage that results from the rills which are perpendicular to flow and 
therefore act as water traps. Surface roughness was increased because of the orientation 
of the rllli. The length of overland flow was reduced for surface flow which is routed to 
adjacent non-cultivated areas. The supporting management practice factor (SMPF) 
which Is analogous to the USLE P factor was reduced as recommended by Wischmeier and 
Smith (1965) to account for the overall reduction in erosion sensitivity in this case. 
Finally, KSER, the washoff and transport parameter was reduced to reflect the lower 
overland flow velocities and soil carrying capacity of the overland flow. 

Table 6.3 summarizes the changes made in HSPF for the strip contour cropping system. 

Cumulative soil, phosphorus and atrazlne losses are compared to the base case in Figures 
6.4 to 6.6, 

TO20.2 6.5 



TABLE 6.3 



CHANGES TO HSPF PARAMETERS FOR A STRIP/CONTOUR CROPPING SYSTEM 



Parameter 
UZSN 

NSUR 

LSUR 
SMPF 

KSER 

Linkages 



Meaning 

Upper soill layer 
storage capacity 

Surface roughness parameter 



Surface flow path length 

Supporting management 

practice factor 

Soil washoff and transport 
parameter 

Routing of overland and 
subsurface flow 



Conventional Value 

Winter, spring and summer 
15.0 mm, early fall 20.0 mm 

Winter O.IJ 
Summer 0.25 

20-680 m 

1.0 



a J -.26 



All PLS's routed to channels 



Strip Contour Cropping Value 
20,0 mm all year 

Winter 0.25 
Summer 0.^0 

halved for all cultivated fields 

0.*5 to 0.65 depenciing on slope 

.OS - .13 



All surface runoff from cultivated 
fields routed to non-cult ivated 
fields. All sybsurface flow from 
non-tiled fields routed to 
non-cu It i va ted f I e Ids. 
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Figure 6,5 



Base Case and Strip Contour Watershed Cumulative Phosphorus Lo; 
1985-86 
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Figure 6.6 
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Table 6.2 summarizes the changes from the base case which resulted from these 
alteratioris for the whole watershed. The predicted runoff and transport values in this 
case are optimistic due to the assumptions used in discretlzlng this scheme and should be 
considered to be best case examples. Surface runoff reduction was minimal at 3%; 
however, soil and sediment associated phosphorus loss reductions are substantial ($7% 
and 62% respectively). There was a predicted increase in soluble phosphorys loss which is 
probably due to the additional loadings introduced to the grassed strips from the row crop 
strips, Atrazlne conservation was also high at about 20%. This is an excellent 
COTiservationi scheme which requires 'only a reconfiguration of field crop patterns and a 
realignment of rows. The strip/contour system has much promise in the Ontario setting. 

6.2,3 Retention Basins 

Sediment retention basins are structural management devices which interrupt runoff or 
streamflow and provide for suspended sedinnient settling. Retention basins can be located 
at strategic sites throughout watershed to intercept surface runoff from erosion prone 
areas. Their effectiveness in removing solids from streamflow is largely dependent upon 
their size and storage volume and the settling rates of the various particle size fractions 
found in the watershed. Of course, ponds must be cleared of sediment regularly. Their 
effectiveness in removing phosphorus and atrazine would be dependent ypon the portion 
of this material which is sediment associated and therefore settleable. 

In this demonstration, ponds were simulated in the watershed at the end of each surface 
water monitoring site. That Is, all streamflow passing station N4 is routed to a retention 
basin, and the 'Outflow from this basin flows into the channel upstreami of station N3 and 
so on. This scheme Is somewhat simplistic as more effective sites could be selected but 
this scheme serves the purpose of a demonstration. 

The retention ponds were dimensioned to provide a fairly constant depth of 2 metres at 
each site with a length of 100 metres and widths ranging from 6 metres at station N4 to 
S metres at N2 and N3 and 20 metres at station Nl. Figures 6.10 to 6.12 plot the 
predicted cumulative soil, phosphorus and atrazlne loads along with the base case 
predicltlons. Table 6.2 summarizes the results of this scenario in terms of total loads 
and percentage reductions. Surface overland runoff is unaffected since this scheme has 
no effect on land management. Watershed soil loss is reduced by 32% in this case. This 
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Figure 6.10 Base Case and Retention Basin Watershed Cumulative Soil Loss, 

1985-86 
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material however is deposited in the settling basins and must be removed. Sediment 
associated phosphorus losses are also reduced (by 32%) byt soluble phosphorus and the 
majority of the atrazlne pass through urjaffected. This systenm has limited usa fulness as a 
stream water quality protection system. There are few advantages to the farmer since 
replacement of the soil onto land is prohibitively expensive. Retention basins may be 
useful in localized, highly erosion prone areas. 

6.2.4 Tiie Drainage 

The Nissoyri Creek Watershed has an extensive network of tile drains, both systematic 
and random. However, more complete tile drainage of cultivated land is possible and 
would result in less surface runoff by maintaining lower syrface soil moisture levels. 
This stryctural scenario required only minimal changes to HSPF code. The Interflow 
inflow parameter INTFW which controls the partitioning of sub-surface flow between 
tnterflow and groundwater was increased from a value of 2.0 for non-tiled fields and 4.0 
for randomly tiled fields to a value of 6.0 for systematical tiled fields. In addition, the 
interflow recession parameter, IRC, was increased by approximately a factor of two 
depending on month, to represent a conversion to systematic tiling. These changes have 
the effect of routing sub-surface flow more quickly to the channels via the interflow 
route. This results in lower syrface moisture levels and therefore more stormwater can 
infiltrate, thus reducing surface runoff, erosion and sediment associated agri-chemical 
loads. Of course better drainage also improves land capability by allowing the farmer to 
get on the fields earlier in the spring and by eliminating crop flooding in depress ional 
areas. 

Table 6.2 summarizes the resultant changes to surface runoff, and soil erosion, as well as 
phosphorys and atrazine loads for this scenario. Figures 6.7 to 6,9 compare cumulative 
loadings of soil, phosphorys and atrazine predicted for this scenario with the base case. 

The predicted benefits of this case include 30% less surface runoff and concomitant soil 
loss (47% reduction), reduced sediment associated and soluble phosphorus losses (38.5% 
reduction) and a substantial reduction in atrazine loss (1S% reduction). Tile drainage is 
not generally implemented for conservation purposes byt it is effective in these terms 
and should be considered in any integrated conservation program. The return on 
investment of this scheme would be minimal in the Nissourl Creek Watershed because the 
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areas which benefit most from dpalnage are already drained. The scheme tested here 
would therefore involve tiling areas which presently have fair to good natural drainage. 

6,2J Optimization 

This managemefit scheme is a relatively passive one requiring that farmers add pesticides 
and phosphorus when sustained dry periods are predicted to follow. This requires that 
reliable weather forecasts are available and that rainfall is well spaced over the active 
appiication periods. This scheme does not affect soil loss but may reduce phosphorus and 
atrazine losses by allowing for chemical migration fron. the surface into the soil matrix, 
uptake by plants, and degradation Cpesticides only) well before rain storms occyr. 
Surface sediment associated and soluble runoff is most likely to be affected in the case. 

To implement this scenapio in HSPF the timing of soluble fertilizer and pesticide 
appiication was reset in the "Special Actions" block to correspond to times when rainfall 
would not occur for at least five days. Since long range lorecasts are available for five 
days, this would be the least delay until rain that a farmer could anticipate. All other 
aspects of HSPF were left unchanged from the base case. 

Figures 6.13 and 6.1# illustrate the results of this assessment in terms of cumulative 
phosphorus and atrazine loads compared to the base case. Table 6.2 summarizes the 
results in terms of phosphorus and atrazine pathways and percentage load reductions. No 
reduction in surface overland runoff, phosphorus, or soil loss is predicted, Phosphorys is 
only added twice per year and is quickly adsorbed by soils. Therefore a reduction in 
phosphorus loss cannot occur if soil loss is unaffected, Atrazine losses are reduced 
significantly (31%) in this case. This management scheme warrants consideration due to 
its relative ^se of application and potential effectiveness. 

6.2.6 Incorporation 

This land management scheme is another relatively passive system. It requires that 
farmers apply fertilizer and pesticide during a tillage operation so that chemicals are 
incorporated into the soil rather than directly on the surface. This scheme should reduce 
surface washoff of freshly applied fertilizer and pesticide but will not reduce soil loss. 
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Base Case and Optimization Watershed Cumulative Phosphorus Loss, 
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Figure 6.11 Base Case and Optimization Watershed Cumulative Atrazine Loss, 

1985-86 
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The changes required in HSPF input are limited to simple changes in the Special Actions 

block Involving the addition of fertilizer phosphorus and pesticide to the upper layer 
rather than the surface layer. 

Figures 6.15 to 6.16 iliustrate the predicted results of this scheme in terms of cumulative 
phosphorus and atrazlne losses compared to the base case. Table 6.2 summarizes these 

predicted results In terms of pathways and % reductions. 

As with optimization soil loss is unaffected and phosphorus conservation Is minor. Also, 
atrazine conservation is not effective because most atrazine runs off in a soluble form 
with sub-surface flows. Incorporation would be much more effective in conserving 
pesticides which are more strongly adsorbed and which remain on the surface when 
applied in a spray form. 

63 Umitf Modyl^ 

The utility routines incorporated in HSPF allow for a variety of operations on time series 
data which facilitates the analysis and presentation of time series Input and oytput- Ail 
of the utility modules are demonstrated here. The UCI for each is included in Appendix 
H. 

PLTGEN is a plot file creation module which takes data from the TSS and performs basic 
aggragation upon it Cl.e., grouping one hour time step data Into daily output) and can be 
used to multiply the data by a constant factor and place It in a stand alone plot file. The 
plot file contains basic plotter information regarding the scale sizes, titles, and legend. 
Up to ten parameters can be placed in one plot file. This Information can be mean 
valued or point valu^ data. 

In the example presented here observed flow data for station Nl in 1986 was converted 
to units of mridm.y x 10^ and plotted against precipitation in dm/day to illustrate the 
direct relationship between these two time series. Figure 6.17 is the plot file generated 
by PLTGEN. Stand alone plotting routines are required to make use of these files. The 
flexibility in terms of plot file formats is very broad. The UCI for this routine is 
included in Appendix H. 
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The DISPLY block is used to summarize time series data, perform simple aggragat ions, 
perform myltipllcatiori, or transformations, and present the data in tables. Data can be 
aggragated in short span displays with time intervals ranging from one minute to one day 
or left unaggragated. The data can be summarized to produce sums, averages, 
maximums, minimyms or to select the last value in a time interval. Long span displays 
are annual summaries of daily data. As in short span displays, this data can be summed, 
averaged etc. There is no limit to the number of years presented. Threshhold values can 
be defined to eliminate data which falls below a particular value. This is useful in cases 
where only values which violate a criterion are to be printed and aggragated. 

In this example, observed and predicted daily pesticide loads at station Nl are displayed 
in a short span Cdally) form with daily total and monthly total loads; and in a long span 
display for 1986. The UCI and output for this example is included in Appendix H, This 
module is particularly useful for summarizing intermediate simulation results during the 
calibration process. 

The GENER module is used to perform transformations on one time series to produce a 
second or to combine two time series by some common mathematical expression to 
produce a third. There are 22 basic operations which can be performed with one or two 
time series. If only one time series is input there are fifteen operations such as 
determining square root or trigonmetric functions which can be used. If two time series 
are input then there are seven functions such as adding them or dividing one by the other 
which can be performed. Refer to the User's Manual for a complete list of GENER 
capabilities. In this example, the predicted hourly streamflow time series for station Nl 
was converted to m^/hr and multiplied by the predicted hourly pesticide concentrations 
at Nl. The resultant atrazlne loading file was displayed using the DISPLY block in the 
form of 6 hour loads of pesticide. The UCI and output file is presented in Appendix H. 

The COPY module is used to transfer or copy data frorri one location to another. This 
includes the capability to copy files from outside of the TSS to Inside, from one location 
:in the TSS to another or from the TSS to an external file- Appendix H contains the UCI 
file presented as an example here. In this case, six external hourly FORTRAN files of 
meteorological data are copied to the TSS. The addresses in the TSS have been 
previously assigned (iPs 11-13 and IS) and named (PRETBl, PRETB2 etc.). This data is 
mean-valued, metric, sequential data which is to be added to any existing antecedent 
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data already in the TSS. Existing data for the same time p€riod,s will be overwritten. 
Data can be multiplied by a factor if for example one wished to perform a units 
conversion. Also the data can be transformed by up to 8 transform functions. 

The DURANL module is an interesting example of a data analysis and assessment facility 
linked with a simulation model. This module performs duration and excursion analysis on 
a time series. That is, the frequency of a specified concentration being exceeded is 
summarized. In addition, the length of the excursions above the level is analysed for up 
to 10 different time durations. Analysis can be limited to a particular season or seasons 
if desired, 

A lethality analysis can also be performed on the time series data. If toxicity 
information Is available in the form of a curve specifying lethal concentrations versus 
exposure duration then DURANL will summarize the number of times that concentration 
and exceedance duration combine to cause a iethal situation. 

In an example (see UCI and output in Appendix H) the 19S6 hourly predicted 
concentration of atrazine at station Nl was the subject time series. The season selected 
for analysis extended from March to November only. Four duration periods were defined; 
one, six, twenty-four and ninety-six hoyrs. The specified concentration levels are 0,05, 
0.01 and 0.J ug/L A lethal concentration was also specified for each duration to produce 
the lethal concentration curve of Figure 6.18, Up to five different curves could have 
been specified. This curve is not a real lethal concentration curve since the lethality 
limit of atrazine was never reached in this study. It is used for illustration only- The 
predicted 1986 atrazine concentrations never exceeded the estimated rainbow trout 96 
hour LCjQ value of 4J mg/L CAgriculture Canada, 1982). The highest observed instream 
concentration in 19S6 Is 350 ug/1. 

The DURANL output has been printed to the second highest level of detail. The output 
indicates that 68.17% of the time (from March to November 19S6) a level of 0.3 ug/1 was 
exceeded for at least one hour and so forth. This type of information is summarized in 
several slightly different forms. In terms of the lethality analysis, the output reports a 
summary table for each lethality curve. In this case, it is reported that the lethality 
curve was exceeded 2%.92% of the time. The output also reports the time and duration 
of each exceedence. 
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FIGURE 6.18 
DURANFL Lethal 
Concentration Curve 
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The DURANL module is ideal for analyzing the effect of land management scenarios on 
instream toxicity In one smooth operation. Other possible applications Include low flow 
statistical analyses for long term flow records or any analyses of violation when the 
violation criterion is a function of duration. 
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7.0 COfsiCLUSIONS AND RECOMMENDATIONS 

7.1 Study Ar^^ 

The Nissouri Creek Watershed was well selected for this study for several reasons. These 
include: 

o in terms of soils and potential erodibility it represents a significant portion of 
the agricuitural area (3,050 km ) of the Lower Great Lakes drainage basin. 

o the watershed Is sufficiently small (31 km-) that the collection of land use 
Information (for 35 farms) and other areal attributes was possible within the 
limits of the program. Also because of Its size and hydroiogic 
characteristics, the main stream channel flows continuously. This provides 
for continuity in the flow and water quality data and allows for reasonably 
accurate flow estimation. 

o the use of pesticide was widespread and corn fields were almost exclusively 
treateci with atrazine- 

o the area does not have confounding features such as a major point source of 
pollutants, significant non-agricultural areas, or significant stream bank 
erosion. 

o a historical data base which includes loading information for sediment, 
phosphorus and atrazine exists for two years in the mid 1970's. Also detailed 
soils, topography and land use has been defined in the PLUARG study. Much 
of this information is relevant for the 1985-86 period. 

o the local land owners were generally co-operative. 

o land management practices were generally conventional thus the worst case 
was represented. This is ideal for assessing benefits of conservation 
practices. 
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o large areas are tile draioed thus allowing for examination of the interflow 
component. 

These factors are all very important considerations in selecting test catchments for 
research purposes* 

It is recommended that streamflow and water quality monitoring continue in the Nissouri 
Creek Watershed at the watershed mouth station, Nl. This watershed has one of the 
largest and most complete historical records of agricultural chemical loadings in 
Southern Ontario, As farming practices change In the future it can be used as a bench 
mark to assess the benefit of conservation farming. The existing and proposed future 
databases for this watershed can be used for model development, pesticide and plant 
nutrient loading assessments, and soil erosion control and transport/transformation 
process research, 

7«2 Fleici Studies 

The field studies implemented as part of this study were successful in providing the 
necessary time series and overall process parameter data for model calibration and 
validation as this study is primarily intended as a model demonstration exercise. The 
monitoring program was not designed to provide for a rigorous analysis of specific 
transformation and transport processes at the field level (J to 20 hectares) or microscale 
level (LO to 1,000 m^) with the exception of the field level atrazine decay studies 
conducted by yOE, A more integrated approach involving continuous and event based 
monitoring at several scales is necessary for detailed process research and for assessing 
the potentiai benefit of conservation farming. Monitoring instruments were generally 
reliable and along with the mmple handling protocols which were adopted a high degree 
of quality control was assured. However, recognizing that improvements can be made 
and taking advantage of "hind sight" the following recommendations for future studies 
are presented: 

o the prediction of sediment transport and model calibration could benefit from 

more detailed information 'On stream, channel hydraulics. Information on 
channel dimensions, typical velocity profiles, streambed: erosion prone areas, 
and time of travel data would aid in estimating suspended sediment transport 
and improve the delivery timing processes. 
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o the effect of weeds on stage/discharge curves at station N3 became a 
problem in the summer months despite efforts to aUeviate the distortion. 
Other measures to reduce the weed growth (ie, pesticides or channel liners) 
should be considered. Alternately, fixed weirs can be built into the 
streambed to provide a reliable control section. 

o evapotranspiration is a major component of the watershed water balance. 
This process is difficult to measiire but accurate evaporation rates can 
provide a good upper limit on evapotranspiration. The device used in this 
study (a wet bulb type of evaporation meter) did not provide reliable results. 
Evaporation pans should be used to estimate this parameter. 

o infiltration is a key parameter in determining surface runoff rates. Some 
measurements of infiltration at different times of the year, In different soils 
and at different depths would be valuable in model calibration. 

o adsorption and desorption measurements of phosphorus would be valuable In 
refining estimates of adsorption/desorption isotherms for the predominant 
surface and sub-surface soil types. 

o groundwater levels at several sites should be monitored for water level as an 
indication of the groundwater storage component and the depth to 
groundwater. This parameter is easy to measure once observation wells are 
in place. 

o field level studies are valuable for measuring and estimating process 
parameter values. Additional field studies designed to measure sub-surface 
flow and sub-surface phosphorous and pesticide loading rates would be 
valuable. Also field level monitoring of soil washoff would be very useful. 

o microcosm measurements of soil loss using a rain simulator device is another 
way to gather valuable information on soil erosion and washoff and aid in 
estimating relevant parameters for conventional and conservation 
management systems. 



*020.2 7,3 



o continuoys measurement of tile drain flow in some selected areas would be 
useful for partitioning syb-surface flow between interflow and groundwater 

discharge. 

o the majority of farmers in the Nissouri Creek Watershed freely provided 
information regarding atrazine use during the study period. Additional 
information including tillage practices employed and the timing of field 
operations, crop yields, pesticide application practices, tillage implements 
used, a history of crops grown on each field, and detailed information about 
sub-surface drainage networlcs are necessary for in-depth agricultural erosion 
and runoff studies, it will be necessary to establish a cooperator program 
including monetary compensation to achieve this level of feedback In future 
studies. 

Q snow surveys should be conducted on several occasions during the winter 
months to estimate the water equivalent storage In the w-atershed. Rain 
gauges are universally unreliable for estimating snowfall. In addition, blowing 
snow and sublimation can significantly modify existing snow stocks in a 
watershed necessitating estimation of the state of the snow pack directly. 

73 ItedeUing 

Setting up the HSPF input and calibrating HSPF is a substantiai task. There are no short- 
cuts to accomplishing accurate calibration however, a systematic approach to the 
problem is recommended. Chapter 5.0 included a description of the steps required in 
applying the model. Each of these steps should be given due consideration in order that 
expectations match model performance, that unnecessary model modules or groups are 
'not invoked., that Input requirements are satisfied, and that the most optimumi strategy 
and conceptuartzation of the study area is used. 

In model calibration, an understanding of what is important and what Is not, is essential. 
A review of the Functional Descriptions Section in the User's Manual Is advlmble. In 
addition, the parameters which are suspected to be important should be subjected to a 

sensitivity analysis. A sensitivity analysis is a way ol evaluating the overall effect of 
one parameter at a time on model results. Model parameters should be reasonably well 



initialized however before this is done. These parameters which are found to be 
relatively unimportant should then be set, based upon the best information available. 
The parameters resulting in significant model sensitivity should then be systematically 
eliminated as variables by calibration. 

In this study the hydrologic parameters, starting with the snow-accumulation and melt 
parameters, were calculated first. This entailed about 16 parameters and starting 
conditions. This was, by far, the most difficult phase of the calibration process because 
of the large number of degrees of freedom and the reliance of all other modules on the 
hydrologic model. This process is best accomplished by establishing observed state 
conditions to which the models parameters can be adjusted- In the case of the hydrologic 
modelf monthly outflow was an important parameter for determining whether the various 
storage components were in baiance and whether the evapotranspiration rates were 
appropriate. Observed single event hydrographs were compared with predicted event 
flows as a means of evaluating the surface run-off and interflow constituents- In fact, 
many ways must be established to evaluate the various model subcompartments in order 
to eventually bring ail compartments into balance. 

The calibration of the sediment-soil loss modules required that more than 10 sensitive 
parameters be established. Calibration of the agri-chemicals sections for phosphorus and 
atrazine each involved about ten parameters plus another eight for soil temperature and 
moisture. 

The model catalogues found in the User's Manual provide a listing of a wide variety of 
optional model output information. The whole process can be greatly facilitated by 
carefully designing the oytput data to provide the information necessary to evaluate 
particular parameters. The model user must become adept at "tuning the model" and 
must constajitiy modify the various flags, options and output types throughout the 
caiibratioii process. Calibrating a complicated model such as HSPF with many degrees of 
freedom is to some extent an art and a science like tuning a piano. The modeller must 
use all of the quantitative evaluation techniques that are available but the final tuning is 
a matter of intuition and balance that comes from experience and judgment. 

It is recommended that new users of HSPF start with projects of limited scope and 
approach larger tasks only after they have gained the experience and confidence 
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necessary. In addition, the model user should assemble auxilliary programs to aid in 
plotting results as this is one of the best means of assessing internniediate results in 
calibration. 

Rapid turnaround time is essential to HSPF calibration and application necessitating 
relatively powerfyl conmputers. A SUN Microsystem 3/75 workstation was used in this 
study- it provided model output within an hour for most runs. Without this rapid 
feedback the model user will become frustrated awaiting results and considerable 
inefficiency can result. While a personal computer version of HSPF is avaiiable, it 
cannot process the more ambitious modelling runs Involving water quality parameters. 

7.* Model AppiiCTtion 

A great deal more effort has been expended to develop land management models such as 
HSPF than to demonstrate and quantify the effects of various land management 
practices on soil and agri-chemical washoff. While erosion and the washoff processes are 
well understood in conceptual terms, our ability to quantify the degree of change which 
can be expected from a particular practice or by use of a particular type of farm 
implement, is in the early stages of development. 

Our review of the literature, discussions with conservation experts and application of 
HSPF leads to one overwheiming conclusion. If models such as HSPF are to be 
accurately used to predict soil and agri-chemical losses from agricultural areas under 
proposed conservation management schemes then more research must be directed to 
establishing the parameters of change- The research community must work towards 
developing reliable guidelines which will aid the modeller in selecting reasonable 
parameter values for all management practices, HSPF has the framework to simulate a 
wide variety of optional schemes but Its overall ability to accurately predict depends 
upon the model users ability to select realistic parameter values. The U.S. experiences 
in the Iowa, Michigan, and Georgia watersheds have been valuable in this respect. An 
Ontario table of erosion and chemical transport parameters is needed. At present, pieces 
of releveot information exist but the matrix is far from complete. 

The application of HSPF to assess best management practices described in the previous 
chapter was intended as a demonstration of HSPF capabilities and sensitivities only. It 
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was not intended to be a reliable assessment of the six practices per se « The model was 
shown to be generally sensitive to changes in these factors and conditions which are most 
directly affec jd by a change in land management practice. However, the degree of 
change in any single factor cannot be accurately predicted at this time. Therefore, 
reliable quantitative estimates of long term best land management practice benefits 
cannot be made at this time. 

f 'ithematical models are powerful tools that greatly improve our ability to evaluate land 
management practices as they affect the local environment. Without models in 
convervation planning, we could compare streamloads of phosphorus and suspended 
sediment between improved and unimproved watersheds. If all relevant land attributes 
and land use are fairly similar with the exception of land management practices, then we 
could draw conclysions about the gross improvements in terms of our evaluation 
criteria. However, if significant differences exist in watershed characteristics (which is 
surely to be the case) then our conclusions would become clouded by doubt. We would 
have no rationale for extrapolating our study results to other areas or for scaling up to 
primary watersheds. The PLUARG studies of the 1970's were limited in their value 
because of the lack of conclusive cause and effect type research and predictive 
technology. Models allow us to account for variation in watershed attributes ar 
apply our knowledge over a widespread area. 

We recommend a three level approach to modelling for the development of farm 
conservation plans. These models would be used for different and specific reasons. 
Screening level models or techniques can be used to identify erosion-prone problem areas 
within watersheds so that the most "improveaDie" areas are identified for improvement 
and erosion control. Little would be gained by targetting erosion resistant areas or areas 
with large sediment traps for extensive improvement. The Universal Soil Loss Equation 
provides the compytational complexity required at this level. Several models are 
available which expand the USLE and offer convenient techniques for a screening level 
analysis. These include: 

o The Environmental Conservation Service/Lands Directorate Manual for 
Regional Targetting of Agricultura. Soil Erosion and Sediment; and 
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The Haith model for estimating chemical losses from agricultural areas 
CHaith, 19S0). 

These models are simple and economical to use and thus satisfy the requirements at the 
level required to screen watersheds for problem areas. 

The second level of evalyatlon Is useful in evaluating management practices in a field 

level (small scale). Models suitable for this purpose can be applied to determine the 
expected improvement resulting from the implementation of BM,P''s at the field level. 

Th'ls analysis should be part of farm plan implementation. 

As land management practices are improved in watersheds and soil and phosphorus runoff 
data is compiledf the second level models can be calibrated and used to determine the 
environmental changes that result. In terms of soil loss, all or some of the values 
selected for the USLE factors such as "K", the erosion index, "C", the cover parameter 
and "P", the management practice factor, can be refined. The second level models can 
be used to quantify this change for specific areas and systems when follow-up monitoring 
Is possible. 

Models for consideration at this level include: 

o GAM ESP - the Guelph Model for Evaluating the Effects of Agricultural 
Management systems on Erosion., Sedimentatin and Phospho'rus 
yields, developed at the Univeristy of Guelph School of 
Engineering. 

o CEEAMS - Chemical Runoff and Erosion from Agricultural Management 
Systems, developed by the U.S. Department of Agriculture. 

These models are capable of simulating the loss of soil from agricultural areas through 
the use of the USLE c^oncepts and have been improved to include delivery term.s. The 
GAMESP model allows for a seasonal or annual prediction of soil and phosphor-us losses 
from surface runoff. The CREAMS model has similar capabilities but includes nitrogen 
and pesticide runoff and transformation and is a continuous simulation model, HSPF can 
also be used as a screening tool and for identifying "hot spots" which are prone to erosion 
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but unless more detailed quant iative information is required, the HSPF approaGh could be 
overly complex. 

The third most intensive level of evaluation requires a comprehensive continuous 
simulation model for evaluating the full repercussions of BMP's, At this level, all 
significant aspects of the watershed's hydrologic cycle can be simulated along with soil 
loss and phosphorus transport. It Is recognized that land management affects watershed 
hydrology which in turn affects soil and chemical loss. For example, it has been 
demonstrated that tile drainage reduces surface runoff In poorly draining areas and this 
results in reduced losses of phosphorus via surface runoff. However, it has also been 
shown that tile drainage can affect the movement of atrazine from fields and influence 
the extent to which phosphorus losses are controlled by conservation tillage. We believe 
it is essential to develop an understanding of phosphorus and other agri-chemical 
movement via subsurface flow in order to properly assess land management practices. 

The watershed hydrological and water quality mc ., HSPF has had widespread 
application in Canada and the United States, It is the most comprehensive model 
available for this level of analysis. It is "state of the art" in many respects and also 
provides the framework for future improvement in process description. We recommend 
that HSPF be adopted as the standard for comprehensive watershed modelling, especially 
when agricultural activities are an important element or when BMP's are to be evaluated, 

73 Genaial Condusiofis and Eecommendatioiis 

Based upon the experiences and observations of the study team, the following conclusions 

and recO'm,mendatioos have been drawn, 

o watershed studies provide the most productive means to quantify farm 
Impacts upon surface waters. Streamflow and water quality measured at the 
mouth of a watershed are a direct result of upland activity and natural 
process. The watershed is a self contained unit, complex in its structure, yet 
discrete and independent from the surrounding areas. All processes and 
material pathways are integrated at the watershed mouth. The groundwater 
and the drain systems generally closely match the surface area and therefore 
mass balances can be developed at the watershed scale. Watershed studies 

*020.2 73 



shoyld be extended over several years so that the effects of meteorologicaHy 
abnormal years are reduced. In some cases, the effects of land management 
may take several years to be apparent, 

o continuous monitoring for streamflow and flow proportional water quality 
sampling provide accurate measures of stream loadings. In addition, this 
monitoring scheme is cost effective in that sample analysis costs can be 
minimized. Recent developments in aytomatic sequential samplers and flow 
meters allow for reliable monitoring, and reduced manpower costs without 
sacrificing quality controL 

o site ipecific meteorological monitoring Is a key component of watershed 
runoff studies. The spatial heterogeneity of precipitation and microclimatic 
phenomena reduce the representativeness of regional climate information. 
Detailed runoff models cannot be accurately calibrated without local climate 
data. Precipitation collectors should be placed at areal densities of at least 
one gauge for each 5 square kilometre area and if possible up to one gauge for 
every one to two square kilometres, 

o sub-surface pathways (i.e., groundwater and tile drains) can be slgnll'lcant 
routes for the movement of phosphorus and atrazine from agricultural areas. 
ki some cases soil can also move Into tile drains where macro pores and 
breaks in the tiles exist. Agricultural runoff studies should address these 
components In addition to surface runoff. In this study up to ^0% of all 
phoshorus and 57% of the total atrazine was estimated to enter the 
watercourse via tile drains and groundwater. Pesticides with higher solubility 
in water and lower affinity for soils than atrazine will partition more to the 
sub-surface routes than atrazine and will therefore tend to move with 
baseflow. 

o In the N'issouri Creek Watershed, the movement of soil, phosphorus and 
atrazine to the watercourse was highly dependent upon the occurrence of the 
rare warm weather Intensive storm. About ^3% of all soil loss, 3S% of all 
phosphorus loss and 56% of all atrazine loss occurred during eight major warm 
weather storms over a twenty-four month period. These eight storms 
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accounted for only about 26% of the total measured warm weather 
precipitation. Less significant precipitation events which accounted for 74% 
of the total warm weather precipitation resulted in only 20% of soil loss, 13% 
of phosphorus loss and 34% of atrazine losses* 

o during this study snowmelt periods accounted for over 80% of all overland 
surface runoff. The relative proportions of soil, phoshorus and atrazine loss 
during these periods was much less at 35, 49 and 10% respectively. Frozen 
surface soils and snow cover during these periods reduced the impact of 
rainfall and protects against rill and gully erosion. Snowmelt periods do 
result In significant daily loadings of soil and soil attached chemicals although 
suspended sediment and chemical concentrations during these times tend to 
be less than those during warm weather storms because of runoff dilution. 

o antecedent conditions are highly Important in terms of determining the 
partiticm of fresh rainfall between surface overland runoff and sub-surface 
runoff. Storms which occur when soil moisture levels are high result in high 
surface runoff and "spiked" hydrographs. Storms which occur when soils are 
dry result in replenished soil moisture levels, increased baseflow and very 
little or no surface runoff. The large majority of rainfall events did not 
result In significant surface runoff in the Nissouri Creek Watershed from 1984 
to 1986. 

o HSPF is a reliable model for predicting streamflow, as well as soil, phoshorus 
and atrazine movement from agricultural watersheds. This model contains 
sufficient process description to relir;bly partition chemical movement 
between surface and sub-surface pathways and to account for jn situ decay. 
It provides a mass balance of water and can therefore predict in the long 
term (i.e., several years) as well as on an event basis. The model allows for 
an accurate representation of agricultural systems and therefore can be used 
to predict the relative effect of changing farm practice. 

existing information on the effects of various conservation farming systems 
on runoff process parameters is not sufficient to allow for quantitative 
assessments of benefit. Relatively few case studies have been condycted 
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which aimed at defining runoff parameter sensitivity. More site specific field 
and plot level stydies in the Ontario agricuitural setting are necessary to 
define these relationships. 

o the most promising and practical conservation management practices which 
were examined in this study for the control of soil erosion and associated 
phosphorus and atrazine loss were the no till or zero till system and strip 
contour cropping. The no till system was effective by providing soil cover 
against rainfall impact and in reducing surface runoff. The strip contour 
system was effective by providing grass strips which intercept overland flow 
and filter out the soil particles. In addition, contour plowing reduces overland 
runoff and gully erosion. Both of these systems displayed promising potential 
for soil chemical control. 

The optimization of atrazine application system was significantly effective in 
reducing atrazine loss but may be somewhat impractical as it requires a 
reliable long term weather forecast of several days which cannot be provided 
in many areas. Nevertheless, this scheme requires no cost to implement and 
it does not necessitate changes in land management practice and therefore It 
should be considered in conjunction with other schemes. 

The structural measures examined here (i.e., tile drainage and fetention 
basins) may have limited use for localized problems but cannot be considered 
for widespread application as a conservation scheme. 

The incorporation of fertilizer and pesticides into the soil matrix were not 
particularly effective in this analysis. Incorporation would be more effective 
In reducing losses of strongly soil bound material. 

o HSPF is a substantial model requiring application by experts. HSPF modelling 
exercises should not be undertaken without sufficient computing resources, 
time, clearly defined objectives and a well developed database. Simpler, 
more generalized models are available for the greening of land management 
options and for the identification of erosion prone areas. These are 
recommended in cases where calibration databases do not exist or when 
>jectlves are less demanding. HSPF should be utilized In assessments which 
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require quantitative evaluations of whole watershed processes including sub- 
surface drainage and pesticide considerations. 
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As part of a 3 year coriprehensiva data collection and model 
development study to "Model The Environmental Fate of Soil, 
NutrientB, and tli© Herbicide Atrazine in an Agricultural 
Watershed**! the Water Resources Branch of the Ontario 
Ministry of Environment conducted on-farm etudies to 
determine the environmental decay rate of atrazine from 
soils. Field surveys were carried out in 1985 and 1986 on 
working farms located within the iiajor representative soil 
types in the lissouri Creek Watershed, Data from the soil 
decay studies will support the model calibration. 



Atrazine levels in the soil were found to decline 
exponentially following the equation Log f = a + b X, where 
y is the herbicide residue in soil, and X the time in days 
elapsed since application. Half- life dissipation varied 
froii 46 days in the 1985 survey for the 0-2 cm profile of an 
Embro Silt Loam soil following a post--emergent atrazine 
application, to 95 days for the 0-5 cm profile of a Guelph 
Loam soil following a pre-plant application during the 1986 
survey. Following application, atrazine was observed to 
increase in concentration at lower depths in the plough 
layer of the soil, however the residue values were small, 
less than 101 of surfical values as observed at 60 days after 
application. 
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IMTEODOCflON 

Modelling Study Background 

Recent concern over the environmental fate and related hazards 
of agricultural chemicals as well as concern over long term 
soil losses and associated stream nutrient enrichment, have 
stimulated interest in the use of hydrological and water 
quality iiodels as predicitive managemBnt tools. In 1985, Beak 
Consultants Limited were chosen tO' conduct a three year 
comprehensive data cQllection and model devalopment study in 
an agricultural watershed on behalf of the Ontario Ministry 
of the Invironment. The Nissouri Creek watershed, located in 
Oxford County in southwestern Ontario, was designated as the 
pilO't study watershed. 

The study was designed to provide field data for use with the 
HSP-F Model (Hydrological Simulation Program Fortran) to 
predict runoff losses of the herbicid© atrazine and its 

effect on stream, water guality. 

The overall study objectives included the following: 

o collect data on hydrology, water quality, watershed 
characteristics, soil types, atrazine characteristics, 
and current agricultural management practices In a pilot 
watershed study , to support mathematical modelling 
activities; 

o calibrate a comprehensive land manageroent model (HSP-F) 
and simulate watershed hydrology, soil loss, phosphorus 
and atrazine traneport from the watershed; 

o evaluate the effectiveness and practicality of using 

watershed modelling to predict so^il losses and the 

environmental fate of nutrients, and pesticdesi and 
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recommeiid appropriate land managameiit practices, 
remeclial measures, and guidelines for reducing the loss 
of soil and atrazine to surface water. 



Field Surveys of Jitrazine Decay in Nissouri Soils 

In support of the overall modelling efforts carried out by 
Beak Consultants Limited, the Water Resources Branch agreed 
to carry out on-farm surveys to deteriiiine the environmental 
decay rate of atrazine in soil types of the Nissouri Creek 
study watershed. 

Because literature evidence and modelling studies with HSP-F 
suggest that most of the atrazine applied to the fields never 
leaves with overland or subsurface runoff, but rather decays 
insitu; one of the critical parametars to assist model 
calibration is the decay rate of atrazine. Past modelling 
efforts have viewed the mass of atrazine which comes in 
contact with rainfall as being from the top few millimeters 
of soil. Accordingly, these studies have used the mass of 
atrazine applied , rainfall patterns, runoff rates, pesticides 
decay rates; and empirical constants for relating pesticide 
movement between the top soil layer and the rainfall-runoff 
pattern to describe the export of atrazine. Generally 
observations on soil concentrations over time have not been 
used * 

Frank and S irons (1985) have reported on the decline of 
atrazine based on a wide range of soils collected from a 
large number of locations across Ontario. The data, 
collected between 1970 and 1980, included experimental as 
well as commercial farms . They determined that atrazine 
residues declined exponetially following the general equation 



- 2 - 



Log Y = a + bX, whera Y is the herbicide residue in the upper 
O'-S cmi of soil, and X the time that had elapsed following 

application. They have concluded that dissipation of atrazin© 
ranged from 2.4 to 3 months. 

Confirmation of similar empirical equations for soils of the 
Nissouri watershed was key to model calibration. Therefore, 
studies were undertaken in the Nissouri Creek Pilot 
Agricultural Watershed in 1985 and 1986, to collect 
experimental data on atrazine decay with the folowing 
objectives I 



carry out surveys of actual field application 
of the herbicide atrazine on cO'mn,ercial farms 
located within the boundaries of the study basin; 

measure and derive the environmental decay rate of 
atrazine and its derivatives in soil on test plots 
located within fields representative of the major soil 
types ; and 

montitor the time dependant vertical migration 

of atrazine and its derivatives in the plough layer 

of soil. 



A^trazine Agriciiltiiral Herbicide 

The subject of the present study is the herbicide 2 Chloro-4' 
ethylamino-6-isopropylamino-s-triazine which is commercially 
known as atrazine. Atrazine is one member of the 25 member 
triazine herbicide group whose members are, with few 
exceptions, based on a s-triazine aromatic ring structure. 
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Atrazine is sparingly soluble in water, 33 ppm at 25® C, has a 
low vapor pressure, 3 X 10"^ mm Hg at 20° C, and is a solid 
under normal environmental eonditions. Toxicological studies 
using rats have shown moderate LDso values of approximately 
3080 mg/kg of body weight, and acute 96 Hour LCso toxicities 
using rainbow trout of 4.5 iig/1 (Agriculture Canada 1982). 

Atrazine was introduced into Ontario agriculture in 1960 as a 
selective herbicide for the control of annual broadleaf and 
grassey weeds in field corn. It controls most annual weeds 
and at higher rates" of application eliminates several 
perennial species. Field corn production can be maintained 
for several successive years with appropriate application of 
fertilizer and atrazine, 

Atrazine is the most widely used herbicide in field corn 
production in Ontario. On field crops in the Province in 
1983, McGee (1984) reported the herbicides used in largest 
quantities were atrazine (1720 tonnes); alachlor (1056 
tonnes); iietolachlor (826 tonnes); and cyanazine 420 tonnes). 
Typically, throughout southwestern Ontario, atrazine is not 
applied alone, but is applied in a tank mixture with other 
herbicides such as metolachlor and dicamba, to provide a 
broad spectrum of weed control. 

Atrazine is applied in the spring, shortly before or shortly 
after planting of corn. It may be applied before planting 
with subseguent incorporation into the soil, or pre- or post 
emergence of the corn crop. More recently, manufacturers have 
been recoraroendinf a split treatiient (fall & spring) as the 
most effective an economical means of achieving extended weed 
control. For continuous com monoculture, atrazine is 
typically applied at rates of 2,2 kg/ha or more. In soil, 
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approximatelf 101 of the total atrazin© residue is often 
carried over to the next growing season, and this residue may 
result in damage to' susceptable crops. When rotating to 
another crop Frank et al {1985) have recommended application 
rates of lass than or equal to 1.1 kg/ha. At this rate, 
twelve months after application atrazine residues are below 
0.10 ug/g, and soils can safelY be planted to suseeptable 
crops . 

Study Watershed 

The Missouri Creek basin selected as the pilot study 
watershed, lies completely within Oxford County in 
Southwestern Ontario approxiinately 15 tan northwest of the 
City of Woodstock. The location of the watershed is 
illustrated on the areal Map of Southwestern Ontario in 
Figure 1. The watershed is about 30 square km in area and 
contains about 55 active fams. 

The Hissouri Creek Agricultural Watershed was one of eleven 
agricultural basins studied from 1975 to 1977 under the 
Pollution from Land Use Activities Reference Group (PIiOAlG). 
The existence of a historical data base and the watershed's 
relatively honogeneous land use and physical geography make 
it an ideal subject for this type of study, PLUAIG studies 
(Wall et al, 1975) found the Nissouiri watershed to be 
representative of about 990 square Km in Southern Ontario. 

The creek drains from a gently rolling portion of the Oxford 
Till Plain, joining the Middle Thames River just upstream of 
the Town of Thamesford, A low topographic relief and low 
permeability of the subsurface soils makes this area a prime 
site for agricultural til© drainage, and the cultivated 
acreage of the area is almost entirely serviced with 
subsuf ace " tile drainage systems. 
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FIGURE i 

Location of the Nissouri Watershed 
in Southwesfem Ontario 
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Seven soil types are found in the Nissouri Watershed and are 
listed in Table 1. The Guelph Loam and the Embro Silt Loan 
are by far the iiost predominant soil types covering 451 and, 

36% O'f the watershed respectively, and together reprsenting 
811 of the basin area* Most of the watershed is rated as 
Class 1 agricultural land due to the ejcellent soils. Figure 

2 shows the distribution of the so^il types in the watershed. 

A 1985 survey of the basin found 501 of the land in corn, 
with a further 30't in hay, cereals |. vegetables and fruits. 
The remaining area was either forested, in pasture or taken 

up by roads and residences. 



Table 1 



Soil Type 



SOIL TYPES IN THE mSSOOlI WATEISHED 

Area Covered 



1 of 



Description 



(Hectares) Watershed 



Guelph LO'am, 



Embro Silt 
Loam 



HoneywoO'd- 
Guelph 
Complex 
Tavistock 
Silt Loam 

Muck 

Bottom 

Land 

Parkhill 

Loara 



- calcareous loam, till 1395 
with good drainage •& 

steep tO' rolling top'Ography 

- silty alluvial deposits 1125 
over calcareous loam 

till,' iiipe,rfect drainage 
gently sloping topography 

- mixed silty deposits , 370 
good drainage, enooth 

to rolling topography 

- silty deposits over clay 92 
& clay loam till, imperfect 

dra inage , gen t ly s lop ing 

- deep organic deposits 68 
very poor drainage 

- recent alluviiini with 60 
vaiable drainage 

- calcareous loan 20 
till with poor 

drainage, level topography 



44,6 



35.9 



11.8 



2,9 



2.2 



1.9 



. 7 
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IfflTHODS WID MAT1EIM.S 

Field studies to direct If Monitor the environmental decay 
rates of atrazine on farms in the Missouri Creek pilot 
watershed were undertaken during the 1985 and 1986 corn crop 
seasons. The surveys were designed tO' monitor atrazine 
concentrations under practices and conditions existing on 
actual working farms, within the watershed. Selection of farm 
locations was primarily directed by the desire to study 
atrazine decay rates in the two main soil types of the ^ 
watershed, - the Imbro Silt Loam and the Guelph Loam series. 



1985 Test Plot Survey 

Survey Field - Erobro Silt Loam 

In May 1985, a study site was selected on a farm property at 
Concession II ,, Lot 15, To'wnship of Zorra. The surface so'ils 
of the farii are predominantly the Erobro Silt Loam Series, a 
silty clay, black in colour, with imperfect drainage, and 
neutral pH. The cultivation layer is about 30 cm thick and is 
underlain by a brown calcareous till of poor drainage. The 
farm fields are serviced by systematic tile drains (10 cm 
diameter plastic pipe on 15 Meter centres). The 10 cm field 
tiles discharge to a 60 cm diameter covered municipal drain 
which bisects the farm and in turn discharfes to the Nissouri 
Creek approxinately 100 Metere south of Oxford County load 
16. Corn is grown, on the farm to provide feed for "a pig 
rearing operation. 

A test plot site 50 meters by 10 meters was established at 
the north side of the field adjacent to Oxford County load 16 
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prior to the 1985 atrazine application. Corn was seeded on 
row spacing of 75 cm (30 in) by the farmar on May 15 1985. 
This seeding was followed by pre-emergent herbicide 
application tank mixture containing itetolachlor and dicamba. 



Atrazin© Application 

On May 30, 1985, a post emergent application of atrazine, 
formulated to give an application rate of 2 kg/ha, was made 
to the field using a tractor drawn sprayer with 10.5 meter 
boom fitted with broadcast spray nozzles at 40 cro centres. 
The tank mixture of 20 kg of Ciba Geigy AATRIX MIlfE-0 (85.51 
active ingredient), water dispersible granules in 2275 litres 
(500 gallons) of water was applied with the tractor 
travelling at 8 km/h and the sprayer delivering at the rate 
of 235 1/ha. 



Prior to application, the sprayer nozzle delivery rate was 

confirmed using an Ontario Ministry of Agriculture and Food 
(OMAF) Sprayer Calibration Bottle on a selection of nozzles. 
Application of atrazine onto the soil of the test plot was 
directly monitored by using Whatiian #1 9 cm diameter filter 
discs placed in glass petrie dishes on the ground to 
intercept the liquid spray. A total of 15 filter discs were 
positioned diagonally across the plot in groups of 5 
replicates under the left, centre, and right sections of the 
sprayer boom. Following spraying, the petrie dishes with 
filter discs were sealed in individual sample bags, and 
delivered to the laboratory for analysis. 
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Soil Saiiple Collectioii 

In the weeks following applicatioe, soil samples from the 
test plot were collected at 3 depths, surface 0-2 cm, 12-18 
cm, and 30-35 cm,, -using an Oakfield, split co^re soil sampler. 
Samples were collected at gradually lengthening time 
intervals, beginning at 5 day intervals for the first 30 
days, lengthening to ©very 7 days for the next 60 days, and 
finally to every 15 days for the next 90 days after which the 
ground became frozen. Soil samples, composited from, several 
locations across the test plot were collected in triplicate 
sets I stored in amber wide mouth glass jars, and kept 
refrigerated until submission for analysis. 

1986 test Plot Survey 

Survey Fiald - Guelph Loan 

In early 1986, a second study site was established at a farm 
at Concession I, tot 13, in the Township of Zorra. The soils 
of this farm are predora,inantly of the Guelph Loam, Series, a 
loam till, which is dark gray in cO'lour, with good drainage 
and neutral pH, The cultivation layer in this field is 
approximately 40 cm thick and is underlain by a brown 
calcareous till of poor natural drainage. The field is 
serviced with subsurface systematic tile drainage (clay tile 
on 15 M centres). Corn is grown on the farm support a beef 
f ©edlot operation . 

A test plot site of 50 meters by 10 meters was established at 

the west side of the field in early May following spring 
cultivation for the 1986 crop season. 
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Atrazine Application 

On May 12 1986, a pre-plant application of atrazine, 
formulated to give an application rate of 1.2 kg/ha, was mad© 
hj the farmer using a tractor drawn sprayer with 8-5 meter 
boon fitted with broadcast spray nozzles at 45 cm centres. 
The tank mixture of 15 litres of Chipman ATRAZINE Flowabl© 
liquid (451 gm/1 active ingredient) in 1360 litres (300 
gallons) of water was applied with the tractor travelling at 
8 km/h and the sprayer delivering at the rate of 258 1/ha. 
The field sprayer and applicatioia are shown in photos Bl and 
B2 of Appendix B. In addition to atrazine, the tank mixture also 
included 15 litres of the herbicide metolachlor. 

Prior to application, the sprayer nozzle delivery rates were 
confirmed using an OMAF sprayer calibration bottle on a 
selection of nozzles. As in the previous year's survey, the 
application of atrazine onto the soil of the test plot was 
directly monitored using Whatman #1 9 cm diameter filter 
discs placed in glass petrie dishes on the ground to 
intercept the liquid spray. Fifteen filter papers were 
positioned diagonally across the plot in groups of 5 
replicates under the left, centre and right sections of the 
sprayer boom. Following application, the petrie dishes with 
filter discs were sealed in sample bags, and delivered to the 
laboratory for analysis. 

After spraying, the farm operator incorporated the herbicide 
into the top 5 cm of the soil using a tractor drawn soil 
mulcher. PinallF corn was seeded into the soil. 
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Soil Saniple Col lection 

For the 1986 application, soil saraples from the test plot 
were collected at 2 depths, surface 0-5 cm, and depth 30-35 
cm, using an Oakfield split core soil sampler. As there was 
little difference in residue levels at the 12-18 and 30-35 cm 
depths in the 1985 survey the nid-dapth sampling was 
discontinued in 1986. In 1986, surface sampling depth was 
increased to 5 cm depth from 2 cm in 1985. Increasing the 
surface sample core to 5 cm ensured a more uniform sampling 
of the surface zone in which the herbicide was incorporated. 

As with the 1985 program, samples were collected at gradually 
lengthening time intervals, beginning at every 5 to 7 days 
for the first 60 days, reducing to every 15 days for the next 
SO days, and finally to every 30 days for the next 100 days, 
after which time the ground became frozen. Soil samples, 
composited from several locations across the test plot were 
collected in triplicate sets, stored in amber wide mouth glass 
jars (Photo B3), and kept refrigerated until submission for 
analysis. 

LABORATORy AMALYSIS 

All analyses for atrazine residues were performed by the 
Ontario Ministry of Agriculture and Food's Agricultural 
Laboratory Services, Pesticides lesidue Section. The 
analytical procedure described by Frank et al (1973) was 
used for the extraction of atrazine and its metabolite de- 
ethylatrazine. Qualitative and quantitative analyses were 
determined by gas- liquid chromotography . 
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RESOLTS AND DieCUSSION 

Atrazine Application Monitoring 

Direct monitoring of pesticide application using filter discs 
to intercept liquid spray at the soil surface provided a 
means to confirm the uniforniity of pesticide delivery from 
the sprayer over the test plot; as well as a measur© of the 
amount of pesticide actually reacliing the ground. 

Atrazine concentrations on the filter discs (fable 2) 
positioned under the left, centre, and right boom sections of 
the field sprayer were uniform, confirming generally 
consistent pesticde delivery over the test plots, 

TABLE 2 Atrazine on Filter Discs 

C Average Concentration (ug/disc)) 

Year Location Under Field Sprayer Boom 
I^^ft Centre Ricrht 



1985 670 650 630 

1986 295 240 280 



The reduced atrazine level iieasured under the centre boom, 
during the 1986 survey might have resulted from the 
difficulties with proper positioning of the filter discs in 
the area travelled by the tires of the tractor and field 
sprayer . 

In the 1985 survey, the fanner prepared a tank mixture for an 
application rate of 2.06 kg/ha of total product and 1,76 
kg/ha of active ingredient atrazine. At this application 
rate, a 9 cm diameter filter paper could capture 1125 ug of 
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atrazine. Average atrazine concantration iieasured on the 
filter discs of 650 ug, represents about 58 1 of expected. 
Similarly f the 1986 tank mixture was prepared for an 
application rate of 1.28 kg/ha or 815 ug per 9 cm diameter 

filter paper. Average atrazine concentration on the 1986 
filter discs was 280 ug, or 331 of expected. 

While the operators applied the pesticide in the early part 
of the day in an effort tcr avoid wind drift, during both 
surveys, light winds were present resulting in some drift of 
the spray. Ritcey et al (1981) have reported that 
volatilisation also represents an important avenue of loss 
during application, with extensive losses from volatilization 
for pesticides with vapor pressure less than 10-'* mmHg at 
20° C. While atrazine has a vapor pressure of 3 x 10-3, with 
farm field sprayer booms typically at some 75 cm above bare 
ground and light winds, there is considerable potential for 
••lO'SS from, both volatilization and wind drift. 

Soil Besidua Monitoriiig 

The results of individual analyses for atrazine, and it's 
metabolite de-ethylatrazine, for all soil samples collected 
from the test plots are provided in Tables Al and A2 of 
Appendix A. Results for the triplicate samples taken at 
each time interval were within the range normally expected 
for farm field soil sampling. A mean of the concentrations 
reported for the indivdual triplicate samples has been taken 
as the reporting value. A siinimary of the total atrazine 
concentratioiis for the monitoring surveys is given in Tables 
3 and 4. 
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TABLE 3 Residues of Atrazine in Soil in 1985 
(Application^ Rate 1.76 Kg/Ha Active 
Ingredient ) 



Sample 

Collected 
Month Day 



Days Concentration in ug/g 

Since Sampling Depth 

Applic. -2 cm 12-18 cm 30-35 cm 



May 

June 

June 

June 

June 

June 

June 

July 

July 

July 

July 

August 

August 

August 

August 

Sept 

Sept 

October 

October 

Movember 

November 20 

December 13 



10 
14 
19 
24 

28 

8 

17 
24 

1 

It 

28 

11 

5 



1 

6 



29 
34 
39 
48 
55 
63 

6 

3 
90 
104 

m 



I 



19,30 0.11 
13.10 0.06 



8 . 10 
6.42 
3.33 

3.43 

l:U 

8.43 
4.01 
5.94 
5.27 



0.09 
. 08 
0.14 
0.09 
0.15 
0.15 
0.15 
0.11 
0.13 
0.10 



:U 8:5i 

3 . 88 . 08 

3.24 0.14 

h-.ri ui 

0.55 0.06 

0.45 0,06 



0.03 
0.11 
0.11 
. 09 

8:§! 
8:2! 

0.07 
0.02 
0.09 
. 08 
0.06 
, 04 
0.08 
0.03 

8:81 
8:81 

. 03 
.03 



8 



TABLE 4 Residues of Atrazine in Soil in 1986 
(Application late 1.28 Kg/Ha Active 
Ingredient) 



Sample 
Collected 

Month Day 



Days 

Since 

Applic. 



Concentration in ug/g 

Samp: ' 
0-5 cm 



Sampling Depth 



May 13 1 

May 16 4 

May 21 9 

May 26 14 

May 30 18 

June 3 22 

June 10 29 

June 18 37 

June 26 45 

July 9 58 

July 23 72 

August 6 86 

August 20 100 

Sept 18 129 

October 8 149 

November 5 177 

December 17 219 

April 3 326 



1.23 
1.36 
1 , 11 
0.98 
1.29 
1.16 
1.56 
1.43 
1.25 

l.U 

0.70 
0.65 

8:ti 

0.27 
. 36 
0.19 



cm. 



0.04 
0.03 
0,06 
0.04 

. 02 
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The 1985 survey monitored the atrazine decay in the upper 0-2 
cm layer following a 1.76 kg/ha post-emergent application on 
soil of the Embro Silt Loam Series. Figures 3 and 4 show the 
changes in atrazine residue with time following application. 
Following a rapid breakdown of the herbicide in the first 20 
days after applicatioe, some increase in concentration was 
observed in the period from 21 to 60 days (Figure 3). The 
short term rise in concentration may be the result of ' a 
'wicking effect* during July and August as the warm dry soil 
at the surface drew moisture from depth. Over the 8 month 
period, from application in May to freezing of the soil in 
lat© December, the atrazine levels declined exponentially 
following the general equation Log Y = a + bX, where, Y is 
the herbicide residue in the soil, and X the time in days 
since application. The calculated half -life of atrazine for 
the survey data (Table 5) is 46 days. 

Table 5 Decay of Atrazine in Soils of Embro Silt Loam Series 

Application Months of Regression Equation Half Life 

Rate Kg /Ha Sample D ata (Davs) 

1.76 1 Log Y = 1.007 - .0065 X #§ 

r = -0.93 

F ^ 123,8 



Atrazine was consistently detected in samples taken at lower 
depths of 12=18 cm and 30-35 cm (Figure 4), however residue 
values were small, less than 101 of the concentrations 
observed in the upper 0-2 cm horizon at 60 days after 
application. 
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The 1986 survey monitored atrazine decay in the upper 0-5 cm 
soil layer following a 1.28 kg/ha pre-plant incorporated 
application on soil of the Guelph Loam Series. General 
behaviour of atrazine soil residues with time at surface and 
depth (Figures 5 & 6) was consistent with that observed in 
the previous years survey. An additional set of soil samples 
were collected in early spring of the following year as soon 
as the ground thawed. This allowed assessment of the effect 
of colder winter and early spring temperatures on half -life 
disappearance. 

The calculated half-life disappearance for the initial 8 
month period (Table 6) is 95 days. Inclusion of the post 
winter sample data in the calculation extends the 
calculated half-life (Table 6) to 105 days. The more rapid 
breakdown of the herbicide in the initial summer-fall period 
is probably attributable to warmer soil tempera tur es . 

Table 6 Decay of Atrazine in Soils of Guelph Loam Series 

Application Months of Eegression Equation Half Life 

Rate KqF/Ha Sample Data (Days) 

1-28 i Log y = 0.141 - .0032 X 95 

r = - 0,92 

F = 81.2 

1.28 12* Log T - 0,125 - .0028 X 105 

r - - 0.94 
F = 120 

* includes post-winter sample 
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Frank and Siron's (1985) investigations on a wide range of 
Ontario soils, found half -life disappearance of atrazine 
ranging frora 2.4 to 3 months (72 to 90 days). The results of 
the 1985 survey on an liibro Silt Loam shows a comparatively 
shorter half -life of 46 days. This difference in 
environmental decay rate could have been due to the post- 
emergent application technique and the shallow (0-2 cm) 
suface soil sampling techniques used. These factors could 
have contributed to a more rapid loss of atrazine at the soil 
surface because of exposure to wind, sun,, and surface runoff. 

COMCtPSIONS 

Successful field decay studies for the herbicide atrazine 
were carried out to support the watershed modelling study in 
the Missouri Creek watershed to complete prediction of the 
environmental fate and transport O'f soils, nutrients, and 
herbicides . 

Decline of atrazine residues in the soils of the Missouri 

Creek watershed conformed to the exponential relation 

Log Y = a + bx defined in the literature for Ontario soils. 

Varying decay rates were observed in the two major soil types 
of the watershed ranging from 46 days for the 0-2 cm profile 
of an Embro Silt Loam soil following a pO'St-emergent 
application, to 95 days for the 0-5 cm profile of a Guelph 
Loam soil following a pre-plant application. 

At lower depths in the plough layer C30=35cm) atrazine was 
observed in the period following application, however residue 
levels were small, less than 101 of surficial concentration 
as observed at 60 days after application. 
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APPENDIX A 
Soil Sample Data ~ Atrazine Residue 



TABLE Al RESIDUES OF ATRAZINE IN SOIL SAMPLES 1985 
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Photographs of Survey Methods 
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Photo Bl, Farmer prepares sprayer & tank mixture. 



Photo B2. Pre-plant spray application on study field 
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Photo B4 . Soil S ample Collection Apparatus 
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APPENDIX B 



MOE PESTICIDE USE SURVEYS 



Atrazine Farm Syrvey, i9S#-86 

Durjing the summer field seasons of 19S# to 1986, pesticide usage data were collected 
from the farm operators in the Holiday Creek Basin. 

The data were obtained with the aid of pre-designed questionnaires (see attached 
example) which surveyed information on the types and amounts of pesticides used, types 
of crops and acreage, dates of application, plowing details, and map plots showing fields 
which were treated with atrazine products. 

The questionnaires were hand-delivered to the farm operators and picked up one week 
later. If requested by the farm operator, the questionnaire was completed on site by the 
survey staff. If necessary, the questionnaire was completed by the operator and returned 
by mail. 

Applied amounts of atrazine were subsequently calculated, based on the percentage of 
active ingredients in the product, the number of hectares treated, and the application 
rate. Table Bl lists atrazine products used along with the percentage of active 
ingredient in each. Tables B2 and B3 list the application rate, application area and 
timing of application for 19S5 and 19S6 respectively. 

All atrazine information is reported as active Ingredient, * 



TABLE Bl: ACTIVE ATRAZIN'E COWTENT IN ATRAZINE PRODUCTS 

USED IN THE NISSOURI CREEK WATERSHED 



Brand Name Percentage of Active Ingredient 

Atrazine 500 liquid 50 

Aatrex SO 

Aatrex-Plus flowable ^0 

Atrazine 90 WP 90 

Aatrex Nine-0 - 90 

Dual plus Atrazine 80 

Primextra 20 

Blazine 25 



I 



TABLE B2: SUMMARY OF NISSOURI CREEK WATERSHED 

ATRAZINE USEAGE SURVEY FOR 1985 





Area of 


Operator # 


Application 




Cha) 


1 


8.0 


2 


28.0 


3 


12.0 


4 


7.2 


5 


10.# 


6 


10.0 


W 


8.0 


s 


22.* 


9 


34.0 


10 


6.0 


11 


imm 


12 


NA 


13 


24.0 


m 


20.0 


15 


34.0 


16 


NA 


17 


NA 


IS 


24.0 


19 


32.0 


20 


16.8 


21 


9.6 


22 


24.0 


23 


6.4 ■■ 


2# 


1S.0 


25 


10.0 


26 


34.0 


27 


- 


2S 


16.0 


29 


50.0 


30 


NA, 


31 


12.0 


32 


2,0 


33 


NA 


3% 


2,8 


35 


40,0 


36 


60,0 


37 


36.0 


3S 


26.0 


39 


47.2 


40 


_ 



Application 


Date of 


Rate 


Application 


(kg/ha) 




1.SS 


PE 


2.56 


PE* 


2.50 


PE 


0.07 


PE 


2.80 


PE 


4.40 


PE 


2.40 


PR 


1.80 


PR & PE 


3.79 


PP & PR 


5.00 


PR 


i 


mm- 


NA 


NA 


0.85 


PE 


2.57 


PE 


1.52 


PR 


NA 


NA 


NA 


NA 


1.25 


spring 


3.3S 


PP, PR, PE 


2.14 


PE 


2.05 


PR 


1.25 


PE 


6.39 


PE 


0.86 


PR, PE 


6.00 


PE 


2.27 


PE 





- 


NA 


NA 


1.96 


PE 


NA 


NA 


3,7 J 


PE 


2.05 


PR 


NA 


NA 


2.05 


NA 


2.05 


PP 


3.07 


PP 


3.57 


PP, PE 


3.70 


PE 


1.S6 


PP, PR, PE 





- 



TABLE B2: 


SUMMARY OF NISSOURI CREEK WATERSHED 




(cont'd.) 


ATRAZINE USE AGE SURVEY FOR 19S5 






Area of 




Application 


Date of 


Operator # 


Application 
(ha) 




Rate 


Application 




(kg/ha) 




^i 


g4.0 




1.23 . 


PP 


%2 


60.0 




5.68 


PR, PE 


i^3 


34.0 




2.05 


PR 


^4 


10.8 




2.50 


PR 


45 


38.0 




2.89 


PE 


U 


26.4 




1.53 


PR 


k7 


18.0 




1.02 


PR 


48 


34.4 




3.30 


PE 


49 


NA 




NA 


NA 


50 


M 




1,14 


PE 


5i 


56.0 




1.25 


NA 


52 


- 







- 


Totals 


1,056.6 




■■^ 


- 


Weighted Average 


- 




1.85 


- 


PP pre-plant spray (probably late April - ear 
PR pre-emergent spray (probably early May) 
PE post-emergent spray (probably late May - 
NA not available 


ly May) 
early 3une) 





not applicable 



TABLE B3: 


SUMMARY OF NISSOURI CREEK WATERSHED 




ATRAZINE USEAGE SURVEY FOR 1986 






Area of 


Application 


Date of 


Operator # 


Application 
(ha) 


Rate 


Application 




(kg/ha) 




1 


9.0 


1.35 


May 28 


2 


28.0 


1.60 


May 8-9 


3 


6.0 


l.SO 


May 28 


H 


NA ■ 


NA- 


NA 


5 


10.0 


2.25 


June 15 


6 


11.0 


1.61 


June 7 


7 


18.0 


1.60 


Spring 


S 


16.0 


1.26 


May 10 


9 


13.0 


1.80 


May 15-20 


10' 


2.0 


4.05 


NA 


11 


^ 







12 


NA 


NA 


NA 


13 


4.5 


1.73 


May 8 


14 


32.0 


2.53 


June 


15 


26.0 


2.27 


Mid May 


16 


- 





_ 


17 


NA 


NA 


NA 


IS 


20.0 


3.13 


May 10 


19 


■ 12.0 


4.27 


April-June 


20 


18.0 


2.03 


NA 


21 


31.0 


1.99 


May 15 


22 


31.0 


1.81 


May 20 


23 


40.5 


2.00 


NA 


24 


12.0 


2.83 


Late May 


25 


20.5 


4.50 


May 15-28 


26 


28,0 


1.40 


May 12 


27 


93.0 


0.99 


May 10 


2S 


6.5 


2.22 


■ June 15 


29 


34.0 


2.25 


May 20 


30 


NA 


NA 


NA - 


31 


20.0 


2.25 


Mid May 


32 


12.0 


2.25 


• June 15 


33 


NA 


NA 


NA 


3# 


4.0 


2.03 


June 


35 


6.0 


5.80 


April 30, May 24 


36 


NA 


NA 


NA 


37 


32.0 


3.95 


June, October 


3S 


NA 


NA 


NA 


39 


36.0 


1.50 


May 


m 


■' NA 


NA 


NA 



TABLE B3i 
(cont'd.) 



SUMMARY OF NISSOURI CREEK WATERSHED 
ATRAZINE USEAGE SURVEY FOR 1986 





Area of 


Application 


Date of 


Operator # 


Application 
(ha) 


Rate 


Application 




(kg/ha) 




^1 


2if.O 


0.60 


May 2 


kl 


91,0 


1.18 


May 


^3 


20i.O 


2.25 


Mid May 


if4 


11.0 


0.99 


May 17 


^5 


#s.o 


1.38 


May 26, June 6 


^6 


28.0 


3.15 


May 2E=30 


^7 


21.0 


2.00 


May 13 


4S 


2S.0 


2.1# 


May 20-2#, 3une 13, July 1* 


ii9 


NA 


NA 


NA 


50 


Mfc 


NA 


NA 


51 


#9.0 


1.22 


NA 


52 


NA 


NA 


NA 


Weighted Average 


- 


IM 


■■#!*■ 


Totals 


952.0 


wm- 


- 


NA Not available 








Not applicabJe 
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APPENDIX C 
HYDROLOGIC DATA 



TABLE Ci: Observed Daily Average Streamflow at Four Surface Water Monitoring 
Sites, 1985-86 



Obsfr'wtd AwerafS' lOai ly Streif lo« Stn. Nl {««»3/sl 

mm. DATA mmM' sifm for reRioo mm, 1'98S/i2 
Mr^ M m m m mt m m. pie m oct m e 



1 


7.943 


0.571 


1.^7 


5.2^^ 


D.1Z7' 


0.019 


o.n 


0.045 


D.IB 


0.1IQ6 


O.ffi 


2.265 


2 


km 


1.159 


l.TID 


2.DZ0 


0.114 


0.061 


O.B^ 


0.030 


0.104 


0.094 


D.IK 


2.7a 


3 


I2lh 


1.045 


1.21 


2.12 


0.105 


0.060 


0.081 


O.Dffi 


0.090 


0.D9O 


0.282 


0.949 


4 


Oi.sia 


2.316 


3.6E 


2.134 


o.uoo 


0.E0 


Q.Ql 


0.020 


0.090 


Q.Q91 


I.m 


0.640 


5 


0.2C 


2.3ffi 


l.W 


h.m 


o.m 


Q.e 


0.01 


0.02 


O.m 


0.106 


2.21 


0.567 


6 


0.142 


0.6fi5 


1.241 


3.517 


0.124 


0.045 


0.100 


D.DZ7 


0.135 


D.ia 


1.915 


Q.52Q 


7 


0..129 


0.® 


0,847 


1.773 


0.1© 


. 0.043 


0.074 


0.036 


O.IC 


0,104 


0.681 


0.488 


B 


0.404 


Di.37? 


2.379 


1-372 


0.090 


0.042 


0.161 


D.043 


0.571 


D.IOD 


0.6E 


0.460 


9 


0.137 


Qi.ttZ 


2.772 


1.018 


0.083 


O.IE 


0.297 


Q.Qli 


0.31 


CIS 


0.7IQI 


D.4a 


IDi 


0.166 


D.3fiZ 


3.rai 


i.BU 


0.076 


0.065' 


0.117 


0.030 


u.m 


0.143 


3.564 


0.496 


11 


urn 


0.541 


4.001 


0,687 


0.01 


0.066' 


o.» 


0.030 


0.171 


0.124 


1.31. 


0.73 


12 


O.M 


0.71 


Lm 


B.m 


i.D67 


0,096 


0.313 


am 


0.1Z7 


0.319 


0.18681 


0.613 


13 


fl.iffl 


im 


2.602 


nm 


O.OMI 


O.Offi 


0.127 


0.IB7 


o.ira 


Q.eea 


LOT 


0.5E 


14 


0.093 


nm 


2.ffi4. 


0.368 


I.E3 


0.019 


"i.09Bi 


0.047 


0.097 


i.511 


1.Z71 


0.469 


15 


Ol.Wi 


O.ffll 


Z.M 


Q.S 


01.0601 


Q.071 


D.TO 


0.095 


0.086 


0.405 


0.947 


0.400 


11, 


urn 


D.5D0 


2.410 


0.277 


D.oes 


0.698 


0,096 


D.077 


O.Dffi 


D.344 


0.9ffi 


0.368. 


17 


^.m 


0.418 


2.410 


0.229 


0.01 


Q,m 


0.0^ 


i.K 


O.Offi 


0.26B 


1.109 


0.465. 


18 


Q.IW 


0.346 


1.0B7 


0.2E 


0.070 


i.m 


0.Q6B 


0.049 


0.075 


i.e 


1.212 


0.^' 


If 


0.063 


D.306 


0.9B7 


0.200 


0,070 


0.475 


0.098 


o.ra 


0.070 


3.129 


1.717 


0.308 


m 


urn 


1.344 


l.S 


0.200 


0.145 


0.281 


0,11 


O.BO 


0.01 


1,140 


1,316 


0.276 


21 


0.436 


0.213 


i.lB 


O.lffi 


0.192' 


0.163 


0.081 


0.042 


D.Ol^ 


1.612 


D.74D 


D.234 


2 


Q.MO 


6.513 


1.154 


0.161 


o.m 


0.215 


0.176 


0.040 


0.076 


0.460 


0.606 


D.2BD 


a 


n.m 


14.341 


1.084 


0.144 


0.071 


0.^' 


0.060 


0.040 


0.070 


i.3B2 


D,S7 


0.244 


24 


um 


17.:D53; 


0.968 


0.1^ 


0.068 


0.143 


0.054 


DL13B 


0.093 


0.345 


0.487 


0.216 


m 


um 


f.lffi 


0.615 


0.27 


O.QIfl 


O.lOf 


0.E 


Q.143 


0.086 


01.307 


0.430 


0.240 


% 


0.58? 


4.711 


o.eoo 


o.ro 


0.069 


0.096 


O.IEO 


0.978 


0.093 


0.S9 


0.750 


0.234 


27 


0.61 


2.117 


zm 


0.151 


0.153 


0.087 


0.047 


01.45 


0.097 


0.216 


1.137 


11.203 


a 


Q.m 


2.QK 


1.310 


0.148 


D.IDB 


D.om 


D.D4Q 


O.IBD 


0.090 


0.187 


0.911 


i.m 


^ 


0.180 




3.61 


0.147 


0.P6 


Q.Ql 


0.043 


0,IZ3 


0,084 


0.171 


0.654 


tm 


X 


D.43 




2.4i5 


O.IS 


0.01 


0.015 


0.010 


0.176 


D.mi 


0.172 


0.65 


n.m 


1 


0.62Z 




4.813 




0.093 




0.045 


0.149 




0.157 




o.a 
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h 
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tamnmiiitmnuunuunn 


0.045 
0.036 
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0.034 
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O.Difl 
0.045 
0.D37 
0.035 
D.D3D 

0.© 

D.DBD 

0.'17' 
0.024 
0.17 

o.ioa 
o.m 
nm 

o.ro 

D.BZ' 

D.E7 

D.E9' 
D.tE 

D.oa 

0.E3 

Q.nai 

0.087 

fl.n 
nm 

0.01. 


o.os 

0.D17 
0.016 
0.017 
0.016 

D.D16 
0.016 
0.D16 
0.050 
0,021 

O.Ef 

nm 

0.021 
0.018 
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CIS 
0.11 

cm 

0.150 
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CCB? 

BM 

cm 
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0.017 
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0.016 

i.047 


0.016 
0.Q19 
1.016 
0.114 
0.D15 

o.Qia 

0.015 
0.042 
O.Oif 
0.024 

O.Olf 
0.041 
O.K 

ClEl 
O.IB 

0,026 

urn 

cow 
ojed 

CD36 

0.017 
C013 
0.D09 

0.1006. 
0.006 

0.012 
0.011 

cro 

Q.OIQ 

Q.QOBi 
0.010 

U19 


COID 

o.m6 

CO© 
CM 
0.007 

0.D13 
0.016 
D.Dtl? 
0.013 
D.D12 

0.D13 
0.012 

0.011 
0.010 

0.015 

Q.tE3 
COO? 

cm 
D.ra? 

B.006 

O.Offi 
0.OC5 
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O.K 
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Clffl 
C060 
CE? 
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D.E4 
CE 

n.m 


D.Q17 
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0.014 

0.:Q2B 
0.IQ49 

D.DZ9 
0.01? 
0.136 

0.074 
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0.021 
0.117 
Q-D14 
0.113 
0.112 
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0.012 
B.112 
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0.012 

fl.ilZ 
0.D12 
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OJIB 
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D.iS 
0.13 
0.114 

0.024 
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0.017 
0.015 
CD15 
0.017 

O.DS 
0.021 
COIB 

o.ra 
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0.116 
0.092 
0.260 
0.142 
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0.101 
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0.15 
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0.206. 
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0.131 
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0.113 
0.096 
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o.ro 


O.ifiZ 


e.3?i 


o.m 


0.056 


0.151 


O.D^: 


Q.ie 


0.^' 


O.tBI 


0.043 


0.431 


D.IOf?' 


0.IB3 


D.ia 


D.W4 


0.E5 


O.ISi 


O.OS 


o.ra 


u,m 


0.24Q 


0.047 


0.096 


D.D42 


nm 


0.072 


Q.Ef 


D.n 


0.11 


0.20 


0.042 


Q.DB 


O.K 


0.01 


O.K 


0.013 


BM 


0.242 


O.m 


0.043 


O.076 


0,lfe2 


O.DEfl 


nm 


O.Dffi 


u.m 


0.37 


0.142 


0.045 


0.076 


Q.124 


0.0?? 


tlMl 


O.DS 


O.Ql 


o.w 


D.lffl 


0.049 


o.oaoi 


o.oeo 


D.D40 


0.044 


O.El 


i.iie 


Q.m 


o.iro 


0.047 


0.193 


O.D^ 


Q.181 


o.ra 


0.131 


D.OI? 


B.m 


um 


0.040 


0.198 



Zii 


KXKKXXXXXXXXXXXXXXXXXXXH 


o.ai 


0.151 


LM 


um 


0.011 


0.151 


0.072 


D.D3B 


'»WI' 


23 
24 


KXUXXXXKXXXXXXXXXXXXXXXX 


0.11? 

0.079 


o,ra 

I.13D 


O.K 
O.El 


i.m 

O.El 


o.oa 

0.E4 


0.206 
0.154 


0.01 

0.06B. 


QJK 


mm 






0.114 




25 
26 


xxxxxxxxxxxxxxxx 


Q.3B2 

0.504 


o.ira 


0.013 
I.I169 


O.EO 
0.015 


0.01? 
O.M 


0.014 

0.016 


tm 


0.0© 


0.094 


WHUi 




0.066 


OJQffi 


0.S7 


mm 


27 


MinHimmm 


0.411 


O.N 


i,D41 


0.K7 


0.076 


D.GE9 


0.148 


O.D?6 


o.m 


MUM MM 

WWKWK 


m 


imiMiiimitMii 


0.244. 


i.e7 


0.050 


I.Bl 


D.ra 


O.Oil? 


0.124 


Q.ia 


0.17?' 


mm 


2f 


mmmm 


i.2tt 


D.ras 


0.041 


n.m 


o.Oif 


0.025 


0.^ 


Q.I04 


O.ffl 


«HHH( 


.30 


mmm 


am 


u.m 


iQl.n 


0.019 


0.044 


0.D17 


0.673 


0.066 


O.ICE 




31 

m 


mmm* 


0,135 


n 'fK 


n mi. 


n (!/.£ 


0.05 


0.015 

n mc 


n iCT 


0.074 

n 4IEI: 




Hi M 'M M M 

i<I.IIHM 



feerwed Atffrigf IDaiily Striaiftoi Stn. IB (iM3/i) 

mw. MIA BimM-- atwRY for pkioo mm mhm 

OAy M m m m mi m il m » oct m .dec 



AM 



1 


W**#**«HHHHHHHt)HHHHHHHt 


0.D7B 


0.E7 


O.m 


O.m' 


Q.ra 


n.m 


0.469 


D.M. 


0.079 


2 


Me*##WHHHHH(*W*#iHHHHt 


0.071 


0.0S2 


0.1030 


O.El 


0.Q2B 


n.m 


Q.'2S 


O.K 


o.oas 


3 

4 


rt n a M ft w T JrxTinrTB ir^H n wTrRlnnl" 


0.067 
0.064 


0.049 

0.048 


D.ie- 

0.031 


O.E 


0.027' 
0.013 


n.m 

0.027 


O.IM. 
0.424 


0.B4 


0.235 




D.ffil 


0.176 


5 


»HH^HHHHHHHHHHHHHHHHHHt 


O.iOfiS. 


0.D47 


0.034 


O.DZB 


0.011 


0.027 


0.264 


0.049 


D.IB 


b 

■ 7 

a 

9 


JHH*^«HHmHHBBHHHHHHHHt«#* 


o.m 

IDJD6f 


0!.D49 
0.048 
0.014 
0.041 


0.029 
I.E7' 

0.025 


n.m 
D.roi 
o.ira 

0.1B4 


0.011 
0.076 
0.166 

0.1S2 


0.DZ6 
0.026 
0.026 

o.os 


0.169 

n.m 


0.047 


Q.liD9 




0.045 


0-102 




0.073' 


0.P9 ■ 


0-090 




D.Offi 


O.tfiO 


0.139 


Ifli 
11 


«iili)iii)(Ki()()HiiiK)(ilKnKX)()Hi)i 


D.M 


o.oa 
Q.ta 


0.E7 
0.031 


0.034 

0.034 


0.075 
0.1061 


0.050 

o.a3 


0.048 


0j046' 
D.ID4? 


0.203 




0.144 


12 


KKXKniiKKKKXKKKKIlXXKXJdiX 


o.ra 


o.rai 


0.103 


0.044 


0.042 


n.m 


0.049 


0.046 


0.111 


13 
14 


ifiOOfX^tKKKIOKUKXKtiKKKXK 


DI.EK 


D.ro 

0.040 


O.K. 
0.041 


0.0401 
0.039 


0.037 
0.034 


0.117 
0.067 


0.146 


0.044 


O.DK 




0.3Z1 


0.044 


0JD83 


15 


JHHHHHHHHHHHHHHHHHHHHHHHf 


0.D63 


o.ra 


D.B7 


0.05 


0.D34 


0.109 


0.11! 


0.046 


D.I079' 


lb 


iHHHHHHHHtKKIXXXKKKKKKitiii; 


Di.BIS 


D.D40 


0.042 


O.EOI 


0.032 


0.146 


O.OBl 


0.047 


0.072 


17 


iHHWtitiOdXKyKKMKXXKXKXXX 


o.oes 


0,.037' 


0.042 


0.042 


0.031 


0.077 


0.071 


0.049 


n.m 


IB 


XIXXXKXXmXXKXXXXXXKXKK 


0J72 


0.038 


O.Offi 


0.167 


0.CE9 


0.061 


0.061 


0.047 


O.lTIi 


1? 

20 


XXXXMXXXMIKKKyKMXXKXXMX^ 


0.067 
0.07D 


0.154 
0.141 


0.031 


0.145 
Q.OE 


um 


OJIII 


o.w 


0.045 


0.179 




0.^' 


O.EO 


0.C6 


0.047 


0.144 


21 


<<KKKXH)(XX)(i()i)iiii!XX)(>iiHH<-»4 


D.lffi 


0.111 


n.m 


o.ra 


D.e 


0.047 


D.E 


0,046 


0.119 


2 


^XilKXiiltiiiOOOiMXidlKMJOCKXXX 


0.117 


0.069 


o.ra 


0.034 


0.0^ 


0.062 


0.049 


0.047 


mm. 


23 


XfHHfWt-IHHHHHHHHHHHHHflHHHf 


0.089' 


O.Pl 


0.034 


0.E3 


0.031 


Q.0B9 


0.048, 


n.m 


MMMMM. 
XRKKR 


24 


iHHBHHHHHHHHHHH»»*JHHHHf* 


D.D7B 


0.060 


0,034 


0.017 


o.oa 


0.O77 


0.045 


D.lDl 


'Km, in. 'II ii 


25 
2t 


)HHHHHHHHHHHHHH(« D.3&? 


0.D13 


0.049 

n.m 


O.EB 


DJD15 
0.169 


0.029 


0-061 


0.D4S 


0.086 


mm 




0.03Q 


0.C4 


0.045 


0.39? 


mm 


27 


mmuMMumm 0.243 


0.Q6Q 


0.D3B 


0.03? 


0.064 


Q.QO 


0-075 


0.IB4 


D.'Zl 


mm 


m 


mumiiiMHii 0:.!^ 


O.iP 


O.DS 


0.031 


0.049 


0.03 


0.071 


0.064 


O.IBZ 


'l»M 


29 


wmmt 0.143 


0.057 


D.ra 


0.05 


0,057 


0.0^ 


Q.6e? 


n.mi 


D.IS 




30 


mimm iD.ui, 


0.E6 


0.031 


O.QZl 


D.E7 


0.029 


1.550 


o.e 


0.096 


iiy Mifif 

innnni 


31 
1 


mmmm d.DBB 


O.DB 


o.m 

O.EO 


O.OB 


o.e 

0.048 


n.m 




0.047 




MiiM 






0.041 


0.143 


0.115 


0.079 JHHHHHHt 



ttser'ytd' feail iDailv .Surfaci Flloyi Stn, m (■*«) 

mm, DATA mmM': mmt for «i® mi^ic im/iz 
W , .JN Fa wR' «? my jm ,jul m OT' cct iNov dec 



1 


SH** 


K«4H(K 


IHHHHf 


fim ^ K X 


O.DQO 


fl.QOfl 


O.QOO 


0.000 


0.000 


O.OQO 


1Z..600 


O.OOOi 


2 


«eH 


#M** 


IHHHHf 


D.DDD 


D.DOO 


0,000 


D.DOD 


30.240 


Q.OOO 


O.OQO 


o.im 


2.400' 


3 


jtJtiHHt 




MVVWV 


0.000 


0.000 


D.OOO 


OJOffl 


0.000 


O.OQO 


12.600 


O.m 


O.DOD 


i; 


IHHHHt 


innnrR 


WHHt* 


O.DDD 


0.000 


D.OOD 


D.Oll 


D.IDOO 


D.OOO 


30.240 


D.DOO 


O.m 


^ 


JHHHHf 




<HHHrt 


6.i40 


D.OQO 


O.OQO 


Q.imo 


%Am 


O.m 


15.1201 


0.000 


o.m 


h 


mm 


»m 


MMM'MiM' 
RRRRR. 


0.000 


21. ,m 


0,1000 


D.OOD 


Q.ODO 


D.DOO 


O.IDOO 


D.DOOi 


o.m 


7 


m 


MM MM W 

WwmWW: 


'IHIM 


0.000 


o.on 


o.imo 


0.000 mm 


D.DOO 


O.m 


Q.m 


O.OOfli 


B 


mm 


Inn!' RTF 


ew 


Q.ODO 


D.iDffl 


B.OOD 


OJDOO 


51 .M 


0,0001 


20.160 


D.DOO 


D.DlOOi 


9 


mm 


iHHm 


HHW 


0.DOQ 


i.lDOO 


i.m 


iQ.OOfl 


0.000 


0.000 


D.OOO 


o.m 


47.'5a 


ID 


'mm 


m' 


m« 


01.01 


Q.» 


O.OQQ 


O.m 


O.Offl 


1.840 


D.OOO 


D.im 


Q,m 


11 


mm 


»Mm 


1RR.R1' 


QJOO 


O.QQOI 


21.240: 


3.3B4- 


0.000 


71.:2BQ 


O.QOOI 


Q.DOO 


o.im 


12 


»i« 


M 'M M W '111 

li M iK iRh 


'«« 


nm 


0..0QQ 


m.m. 


'27.01 


O.IDiDD 


27.360 


.30.2401 


0.000 


D.m 


13 


MMi' 


MKilX' 


HM' 


0.000! 


0.000 


O.CDO: 


8.9M 


O.IDffl 


D.m 


O.m 


0.000 


Q.m 


14 


WMii 


'MfH 


«« 


o.m; 


O.OQQ 


D.mo: 


5.m 


O.DQO 


Q.OOO 


o.m 


O.fflOl 


o.m 


15 


MMM' 


mm 


IMMil 
hIRIh 


4.3ffli 


O..QQG 


O.OQQ' 


O.OOOi 


0.000 


B.60Q 


o.m 


0.0001 


o.m 


Ih 


«»« 


mm 


MtfifM'iii' 
R R RR R. 


12.fflO 


nm 


ffl.ioeo 


7.920 


D.OOO 


o.mo 


o.m 


D.rai 


o.m 


17 




mmit 


'liiii 


QJOOQ 


O.OQQ 


0.000 


0.000 


O.OQO- 


0.000 


o.m 


D.mi 


o.m 


IB 


Wt» 


mm 


mm 


O.Dffl 


24.e4D 


OJDOO 


fZ.iffl' 


0.000 


0.000 


O.DDO 


D.m' 


2.B2 


19 




MUM tfy 

Ril;RRl 


■ RnHIR 


O.OQQ 


37.1S 


D.IDOO 


QJDOO 


Q.OOO: 


0.000 


0.000 


Q.m 


D.5MI 


,„ a 


IHHHHI 


<n.RRIlR 


iW' 


14.760 


15,240 


i.OOD 


D.DOO 


0.000 


o.mi 


0.000 


o.m 


O.mi 


21 


V w w y M 


imm 


WMX' 


2.5Q0i 


o.m 


O.OQOI 


O.IOffl 


O.m 


0,000 


0.000 


D.m 


o.m 


n 


ixm 


iK M .N M Ilk' 


MMMMM 

«fliR* 


O.QQOI 


0.000 


16.211 


O.DDO 


0.000 


m.m 


D.OOO 


D.m 


o,m 


a 


M 'W M M M 
in.n.RR.n 


mm 


ftffim 


O.fflO 
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Dl.OOOl 


O.OQQ 
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0.000 


D.m 


M M 'M M M 
RiiRRi 


24 


'MM 


mm 


ItMMMM 

'RrRfwWR 


o.om 
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15. I'll 


Q.BQO 


D.IDDO 


O.OQQ 


0.000 
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M !M 'M M M 
H li R R B 


25 
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mm 
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O.QOOI 


0.000' 


11.240 
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o.m 


O.OQO 


D.m 


mm 


a 


M K K W iff 




«im 


i.mo 


O.m 


o.m 


mim 


0.000 


o,im 


Q.OOO 


a.iD4D 


UMMMM 


27 


Mim 




imi 


Q..QQO 


tm 


^.240 


D.mo 


QI.OOQ 


Zl.lfiO 


I?.fflO 


O.OQO 


mmi 


2B 




UMMMM 
TRiRWmIi' 


'Mmi 


O.BQD 


Q.OQQ 


Q.OOO 


IS.lffl 


0.000 


O.OQO 


o.m 


O.OQO 


mm 


29 


IN.Kn.Rfl 




HHHK' 


O.Qffl 


o.mo 


0.000 


Q.DOO 


O.OQOI 


'93.960 


o.m 


o.mi 


Ml 'M I'M' 
.RRRRn. 


a 


'Mm 




iWil 


Q.m 


O.DQO 


0.000 


O.ODD 


O.OQQ 


a.720^ 


0.000 


o.mi 


mm 


31 


'IMM' 




'MWi 




0.01 




O.IDOO 


O.OOQi 




Q.m 




mmt 


an 


«#»« 


MUMUM 

RRRRi 


wmw 


ffi.ED! 1 


ffl.'fffl i 
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m^mi 
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TABLE C2 



GROUNDWATER LEVELS (cm)^ 



Date 



PI 



Piezometer # 

P2 



11, 



1986: 
April S 

August 11 
September IS 
October 20 



36" 
36" 
36" 
39" 



36" 
50" 

36" 



38" 

#1 1/2" 

50" 

41" 



measured from the ground surface 



TABLE C3 


TILE DRAIN OUTFLOW RATES, 


1915^6 












Flow Rates (litres/sec.) 






Oytlall # 


fl 


T2 




T3 


m 




1984: 
















Sept. 


1 


0.86 






0,15 


1.70 






10 


2,65 






0.24 


2.30 






21 


1.90 






0.70 


2.g0 




Oct, 


11 


1,50 






- 


2.20 






19 


20.67 






5.33 


9.00 




No¥. 


2 


3.05 






0.49 


3.23 






17 


20.67 






5.33 


9,00 






30 


12.80 


0.30 




2.70 


7,00 




Dec. 


12 


40.0 


2.25 




12.0 


30.0 






21 


16.0 


0.54 




53 


9.6 




1983: 
















April 


22 


1.10 


0.30 




0.30 


3.70 




May 


2 


0,90 






0.30 


3.50 






16 


0.40 






0.20 


3.30 






22 


0.30 






0.30 


3.40 






28 


2.70 






0.40 


4.00 




3yne 


7 


0.30 






0.20 


3.50 




July 


4 


0.70 






0.30 


3.80 






19 


0.70 






0.20 


3.30 




Aug. 


5 
17 








0.04 
0.03 


1.20 
1.20 




Sept. 


2 














Oct. 


30 


5.20 


0.05S 




1,80 


3.45 




19S6I 
















April 


S 


5J5 


0.148 




5.00 


6.17 




May 


1 


5.69 


0,125 




2.84 


11.40 






13 


1.14 


0.065 




0,60 


2.85 






20 


76.0 


6.00 


tile 


submerged 


45.0 






20 


103 


4.00 


tile 


submerged 


36.0 






21 


61.8 


2.2 




24.0 


41.0 






21 


50.9 


2.0 




24.0 


39.0 






22 


33.6 


1.0 




12.0 


24,0 






26 


13.1 


0.37 




4-0 


10,0 




'Junie 


5 


1.80 


0.025 




0.60 


4,0 






24 


3.30 


1.14 




0.70 


4.0 




Sept. 


3 


0.100 






0.05 


0,300 






it 


52.0 


3,00 






35.0 






25 


22.4 


0.50 






6.5 





APPENDIX D 
WATER QUALITY DATA 



TABLE Dl 








MAXIMUM AND MINIMUM ATRAZINE, SUSPENDED SOLIDS 












* 








AND TOTAL PHOSPHORUS CONCENTRATIONS IN SURFACE WATER SAMPLES, 


If8%-16 














Atrazioe 


Cug/i] 






Total Suspended Solids (mg/1) 




Total Phos 


phorous tmg/ll 










&mple 




Sample 




Sample 




Sample 




Sample 




Sample 


Station 


Year 


Minimum 


Date 


Maximum 


Date 


Minimuin 


Date 


Maximum 


Date 


Minlmium 


Date 


Maximum 


Date 


m 


ik 


0.03 


Aug. 23 


180 


June 26 


0.278 


Oct. 11 


1597.500 


July 7 


0.0 1* 


May IS 


3.150 


July 17 




«5 


0,36 


Aug. 3 


36 


June 18 


0.216 


May 2 


576 


Oct. 12 


0.013 


May 16 


3.850 


June 17 




Sg 


0-27 


Sept. 3 


8.9 


July IS 


i.<»52 


March * 


879 


•July 18 


0.0 1% 


May 13 


t.390 


July 19 


N2 


S4 


0.08 


Aug. 23 


12 


July 12 


0.112 


Oct. 19 


280.500 


July 17 


0.029 


Oct, 11 


0.590 


July 17 




83 


0.17 


Jan. 3 


30.0 


June 17 


-0.017(1) 


Sept. 25 


581.2 


Oct. 18 


0.01* 


Aug. 5 


O.S55 


Oct. 18 




86 


0.0 


Sept. 3 


5.6 


July 18 


O.IO 


Nov. 18 


84.8 


June 11 


0,017 


Feb. 2k 


0.260 


March 19 


N3 


lift 


0,11 


Nov. 9 


350 


June 26 


1.560 


Aog. 22 


2723.300 


July 7 


0.018 


Aug, 22 


3.,'t»30 


July 7 




ii 


iLii^ 


Ayg. 5 


k7 


June 18 


1.08 


Sept. 25 


168.4 


July 6 


0.009 


May 2 


0.605 


March 8 




ft 


mm 


Sept. 3 


3.1 


June 6 


1.80 


Nov. 5 


1230 


Aug. 7 


0.022 


Nov. 5 


2.*8 


Aug. 7 


H* 


m 


mm 


May 22 


200 


June 21 


0.652 


July 5 


17911.800 


June 28 


0.029 


May 18 


2.100 


June 28 




1* 


§M 


March 25 


ft 25 


May 27 


-O.067tT) 


Aug. 5 


1209.0 


Oct. 13 


0.018 


April 2^ 


3.88 


June 18 




», 


M 


May Ifi 


290 


June 11 


5,1 


Dec. 19 


923.0 


May 16 


0.079 


May 1 


0.920 


May 16 



IT) Low measurement, tentative, for info only. 
All measurements in mg/l 



Tabla D2 



18 



SAMPLE 
DATE 

May 

June 08 
09 
13 
17 
18 
19 
24 
24 
24 
28 

Joly 05 

m 

07 
16 
17 
•17 

Aug 02 
22 
31 
Sept 04 
10 
11 
12 
21 

Oct 11 

le 

Nov 01 
01 
01 
01 
02 
02 
02 
02 
]5 
16 
17 
30 

Dec 12 
21 
1985 

Feb 13 
24 
25 
26 
March 08 
2S 
April 22 

May 02 
16 



m 

T.P. 
0.014 
0.112 
1.250 
. 033 
0.540 
.205 
0.111 
, 069 
,073 
.057 
. 300 
. 062 
.980 
175 
. 680 
3.150 
0.320 



. 028 
0.133 
0.343 
0.130 
0.530 
0.370 
. 032 
§ . 039 
. 024 
0.016 
. 020 
. 020 
0.081 
0.028 
0.042 
. 035 
0.037 
0.318 
0.318 
0.318 
0.101 
. 084 
. 052 

0.165 
0.240 
0.285 
0.320 
0.525 
0.148 
. 068 
0.017 
0.013 



Total (T.P. 1 and Reactive (T.R.P.} Phosphorous Concentrations (mg/11 
Station Ml and Tile DraJns. r984-li86 



.T.R.P. 
0.0030 
0.0480 
0,1880 
0.0100 
0.1900 
0.09 §5 
. 0S50 
. 0205 
0.0225 
0.0275 
. 3000 
0.0265 
0.2430 
0.0730 
0.0890 
. 2500 
. 0895 

0.0150 
0.0230 
0.1300 
0.1000 
0.1760 
0.1020 
. 0240 
0.0325 
0.0150 
0.0035 
0,0045 
0,0075 
0.0100 
0.0120 
0.0165 
0.0120 
0.0110 
. 0500 
. 0500 
. 0500 
0.0270 
0.044L 
0.0345 

. 0360 
. 0950 
0.1450 
. J 250 
0.2260 
0.0610 
0.0275 
0.0170 
. 0050 



Tl 



T.P, 



. 036 
0.015 
0.019 



. 009 
. 008 
0.018 



0.024 
0.024 
0.024 
0.015 
. 038 
0.017 



T.R.P. 



O.OJIO 
0.0010 
0.0105 



0.014 0.0050 



0,0045 
. 0020 
0.0060 



. 008 . 0035 



0.0175 
0.0175 
0.0175 
0.0120 
0.0165 
0.0040 



0.034 0.0145 

0,018 0.0030 

0.011 0.0030 

0.005 0.0015 



T2 



T.P. 



T . K . P , 



0.017 0.0170 
0.038 0.0285 
0.013 0.0130 



0.008 0.04 25 



T3 



T.P, 



. 003 



. 054 
, 054 
. 054 
. 022 
0.085 
0.016 



T4 



T.R.P. 



T.P, 



T . R . P . 



0.028 



. 0290 



0. 


.024 





. 0240 


0, 


.015 


0, 


.0140 





.024 





.0220 





. 00? 


0, 


. 0055 


0. 


,047 


0, 


,0385 


0, 


. 023 


0, 


,0180 


0. 


.840 


0, 


.6380 


0, 


.133 


0. 


,1080 


0, 


.670 


0, 


.5110 


0, 


,119 


0, 


.0735 





.027 





.0215 





.014 


0, 


, 0085 


0. 


. 030 


0. 


.0325 


0. 


.077 


0. 


.0510 



. 0030 



0.04 20 
0.0420 
0.0420 
. 0200 
0.0740 
0.0150 



1.400 0.0175 



0.019 
0.019 
0.019 
0.015 
. 067 
0.011 

. 034 



0.0120 
0.0120 

0120 
,0105 
0375 
0100 



0.0015 



0.122 0.0695 









0.063 


0.0345 








. 082 


. 0460 


0,405 


0. 


2550 


. 030 


0.0140 


0.019 





.0220 


0.016 


0.0130 


0.022 


0. 


0220 


0.022 


0.0140 



SAMPLE 

DATE 

21 
27 
29 
June 07 
Oi 

la 

16 

If 

17 
17 
18 
IS 
18 
18 
19 
19 
23 

Julf 04 
07 
12 
19 
Aug 05 
J 7 
25 

Sept 02 
06 
25 
15 
22 
22 
22 
22 
30 
H 
19 
10 

lies 

Feb 12 
24 

March 04 
JO 
11 
II 
12 
12 
13 
18 
19 
19 
20 

Ajir I I 00 



Oct 



Nov 



Dec 



TBible D2 



Nl 
T.IP. 
. 062 
0.091 
0.091 
. 025 
0.063 
. 094 
1.480 
.099 
179 
. 850 
.815 
, 343 
. 350 
. 700 
. 375 
,260 
.560 
.046 
, 238 
. 580 
. 059 
. 079 
, 054 
0.620 
. 005 
0.024 

. 036 

1 . 060 
J .060 
. 485 
0.174 
0.156 
0.014 
. 086 
0.153 
. 035 



Total IT. P.) and Eeactlve (T.R.P.) Phosphorous Coocentratlons (wg/l) 
Station Nl and Tile Drains. 1984-1986 



. 035 
0.029 
. 037 
0.175 
0.430 
0.358 
0.175 
0.160 
0.150 
0.127 
0.410 
0.490 
0.119 
0.023 



T.R.P. 
0.0080 
0.0510 
. 04 J 5 
0.0120 
. 0330 
0.0455 
0.2280 
. 0535 
. 0685 

, 2730 

.0910 
0830 

. 0855 
1530 

,0725 
0,0725 
0.0760 
0.0215 
0.0575 
0.0475 
. 0365 
0.0320 
. 0460 
0.1870 
0,0040 
N/A 
0.0140 
0.0345 
0.0815 
0. 1280 
. 0600 
. 0370 
0.0115 
0.0625 
. 0635 
0.0250 

0.d250 
0.0165 
0.0185 
0.1070 
0.1820 
0. 1220 
0.1070 
0.0820 
0.0750 
. 0800 
0.1650 
0.1 GOO 
0.0620 
0.01 OS 



Tl 

T.P. T.R.P. 

, 004 . 0020 

0.024 0.0035 

. 007 . 0030 



0.013 0.0030 



N/A 



0.011 



N/A 



0.055 0.0440 
0.026 0.0035 



0.013 0.0080 
0.041 0.0375 



0.0075 



0.010 0.0020 
0.007 0.0020 



T2 
T.P. T.R.P, 



T3 
T.P. 
0.021 
0.023 



T.R.P. 
0.0210 
0.0230 



0.022 0.0210 



T4 
T.P. 
0.010 
0.018 

. 007 



. 027 . 0240 

0.530 0.5060 

JO. 041 0.0400 

0.047 0.0470 

0.017 i/A 

0.0] 9 0.0170 



. 026 . 0250 



0.130 0.1110 



0.059 0.0520 



0.263 0.0725 



n.wm 0.CI020 0.033 0.0245 



0. 134 



T.R.P. 
. 0085 
0.0130 

0.0060 



0.032 0.0120 

0.015 0.0100 

0.002 0.0025 

0,002 0.0040 

. 006 . 0060 

0.006 0.0020 



. 032 


N/A 


0.034 


N/A 


0.015 


0.0135 


. 047 


0.0420 


. 300 


0.2200 


0.046 


. 0260 



0.016 0.0130 



0.014 0.0045 
0.020 0.0085 



0.070'n 



. 05:» (» . 04 25 



. I B . II 





Table 02 


Total (T 


.P.I and 


Reactive 


(T.R.P.) 


Phosphorous Concentrations 


(mg/n 










StatJon m and TJl 


e Drains, 


1984-1986 










SAMPLE 


11 " 




Ti 




Tg 




T3 




T4 




DATE 


T.P. 


T.R.P. 


T.P. 


T.R.P. 


T.P. 


T.R.P. 


T.P. 


T.R.P. 


T.P. 


T.R.P. 


20 


0.173 


. 0665 


















May 01 


0.019 


0.0075 


0.012 


0.0020 


0.019 


0.1190 


. 050 


0.0460 


0.027 


0.0115 


13 


0.014 


0.0030 


0.014 


. 0020 


. 220 


. 2200 


. 024 


0.0240 


0.013 


. 0095 


20 


. 353 


0.1480 


















21 


0.215 


0.0965 


















21 


0.125 


. 0520 


















22 


0.103 


0.0395 


















26 


0.041 


0.0295 


0.011 


0.0030 


. 050 


0.0470 


. 037 


0.0335 


0.019 


0.0100 


June OS 


. 059 


0.0245 


. 033 


0.0100 


0.111 


0.0945 


. 046 


0.0440 


0,025 


0.0085 


11 


0.440 


. 0965 


















24 


. 057 


0.0410 


0.021 


. 0095 


. 058 


. 0500 


0.042 


. 0350 


0.051 


0.0140 


July 09 


. 064 


0.0415 


0.020 


0.0075 






0.027 


0.0235 


0.008 


0.0035 


11 


. 228 


0.5700 


















16 


0.465 


. 0965 


















19 


1 . 390 


0.2270 


















21 


. 605 


0.1150 


















Aui 07 


0.053 


0.0185 










1.510 


0.2420 


0.122 


0.1010 


08 


. 590 


. 2090 


















10 


0.458 


0.1540 


















Sept 03 


. 037 


. 0085 


. 006 


0.0035 






. 020 


0.0195 


. 003 


. 0030 


10 


0.715 


0.U20 


















12 


0.348 


0.1120 


















13 


0.164 


. 0700 


















14 


0.100 


0.0495 


















15 


0.102 


. 0600 


















18 






0.016 


0.0115 


0.033 


0.0340 


0.016 


0.0120 


0.019 


0.0130 


Oct 05 


0.138 


0.0725 


















13 


0.133 


0.0585 


















Nov 05 


0.012 


0.0040 


0.002 


0.0030 


0.084 


0.0830 


. 039 


0.0310 


0.015 


0.0075 


le 


0.010 


. 0005 


0.011 


. 0025 






0.133 


0.0755 


0.018 


0.0065 


Dec 1? 


0.051 


0.0120 


















18 


0.162 


0.0465 


















18 


0.156 


0.0445 


















19 


0.084 


. 0390 


















19 


0.079 


0.0345 


















19 


. 067 


0.0305 
















;,l; 


19 


0.046 


0.0280 



















TABLE D3 


GROUNDWATER ATRAZINE CONCENTRATIONS S*.S6 (ug/1) 




Piezonieter 
Deptii Cm) 


1.2 


Pi 
1.8 


2.* 


1.1 


m 
Li 


l.i 


1.2 l,g 


2.* 


1984: 




















Sept. 


21 


N.D. 


N.D. 


0.06 


- 


0.32 


N.D. 






Oct. 


U 

19 


N,D, 
N.D. 


N.D. 

N.D. 


N.D. 

N.D. 


■m 


- ■ 


N.D. 
N.D. 






NO'V. 


1 

17 

30 


0.03 
N.D. 
N.D. 


N.D. 
N.D. 
N.D. 


N.D. 
N.D. 
N.D. 


- 


0.22 
0,08 


N.D, 
0.10 
0.18 






Dec. 


12 
21 


N.D. 
N.D, 


0.06 

N.D... 


N.D. 
N.D. 


- 


0.12 
N.D. 


0,06 

N.D. 






r9S5- 




















April 


22 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 






May 


16 
22 
28 


■ - 


N.D. 
N.D. 
N.D. 


N.D. 
N.D. 
N.D. 


m 


- 


N.D. 
N.D. 
N.D. 






June 


7 


- 


N.D. 


N.D. 


m 


- 


N.D. 






July 


19 


- 


0,13 


N,D. 


- 


0.41 


0.26 


installed July 
4.2 


3 
210.0 


Aug. 


5 

17 


- 


0.05 
N.D. 


0.0,5 
N.D. 


m. 


- 


0.08 
N.D. 


. 


12.0 
14.0 


Sept. 


2 
25 


0.22 

N.D. 


0.09 
N.D. 


0.07 

N,D. 


im 


- 


oai 


0.46 0.31 

N.D,. 


7.7 
5.3 


Oct. 


30 


0.11 


N.D. 


N.D. 


- 


0.10 


N.D. 


0.07 


1.5 


Nov. 


Ik 


N.D, 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. N.D, 


4.3 



TABLE D3: 


GROUNDWATER ATRAZINE CONCENTRATIONS 


S4-S6 


(yg/1) (cont'd) 


Piezometer 
Depth (m) 


1.2 


PI 

l.g 


2A 


m 


ft 


2A 


1.2 


m 

1.8 


2.4 


1986: 






















April 


8 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


N.D. 


- 


N.D. 


i.O 


May 


1 

21 


N.D. 

N.D. 


N.D. 
N.D. 


N.D. 

N.D. 


- 


N.D. 
0.09 


N.D. 
0.03 


0.13 


N.D. 
0.03 


0,31 
0.53 


3une 


2# 


N.D. 


N.D. 


N.D. 


» 


>m^ 


N.D. 


- 


0.08 


0.79 


Aug. 


11 


N.D. 


N.D. 


N.D. 


•■■ 


« 


N.D. 


- 


0.05 


0.82 


Sept. 


IE 


N.D. 


N.D. 


N.D. 


- 


N.D. 


N.D. 


- 


N.D. 


0.26 


Oct. 


20 


N.D. 


N.D. 


N.D, 


, 


N.D. 


N.D. 


- 


N.D. 


0.11 


Dec- 


19 


"' 


- 


- 


N.D. 


N.D, 


N.D. 


N.D. 


N.D. 


N.D. 



TABLE D#s 


TILE DRAIN ATRAZINE CONCENTRATIONS Cug/1), 


198*^6 




19S#i 




.fl. 


:m 


T3 


Tit 




July 


« 








0.20 




Aug. 


2 
22 


2.6 

0.15 




1.3 
0,17 


0.095 
N.D. 




Sept. 


1 
10 

M 


3.0 . 

1,5 

US 




0.23 

8.3 

2.7 


N.D. 
0.76 
0.13 




Oct. 


11 
19 


1,5 

1.6 




3.6 
3.5 


0.14 
0.2S 




Nov. 


2 
17 

30 


0.22 
0,59 
0,63 


^" lA 


0.76 
1.1 

1.1 


0,05 
0,#2 
0.39 




Dec. 


12 

m 


0,81 
0.66 


i.r 


1.8 

1.1 


LI 
0.33 




1985: 














Feb. 


13 
25 








N.D. 
0.41 




March 


g 
29 


0,60 


"■ 




0.16 
0,70 




April 


22 


0.71 


IJ- 


1.9 


0.22 




May 


2 

16 
22 
28 


1*8 
23 
U2 
LO 




^.1 
^.8 
2A 
2.2 


0.60 
0.70 
0.50 
N.D. 




Jyne 


7 


0.87 




2.00 


N,D. 




July 


19 


3.0 
3.2 




3.10 
1.90 


3.3 

1,7 





TABLE D# cont'd 


TILE DRAIN ATRAZINE CONCENTRATIONS (yg/l), 


1984-86 






II 


fl 


T3 


■T* 


19S5i 












Aug, 


5 

17 






0.23 
N.D. 


0.06 

N.D. 


Sept, 


2 

25 


2.7 

US 




3.5 
1.8 


0.21 

N.D, 


Oct. 


30 


1.3 


Ei 


lA' ' 


0.51 


Nov. 


14 


0.88 


^f 


2.0 


2,10 


Dec. 


10 


0.49 


l,t , 


0.69 


0.62 


1986: 












Feb. 


24 


0.46 




0.83 


0.42 


March 


4 

19 


0.53 
0.55 




1.10 


N.D. 

2.20 


April 


8 


0.42 


2.20 


0.72 


0.59 


May 


1 

13 
26 


0.43 
4.10 

0.71 


1.90 
0.99 
2.00 


0.77 
1.20 
1.20 


0.38 

0.10 
0.59 


June 


5 
2# 


0.96 
2.40 


1.90 
2.50 


1.50 
2.10 


0.75 
0.53 


July 


9 


0.73 


-m- 


0.86 


0.12 ' 


Aug. 


7 


-_,, 


ms 


3.90 


2.10 


Sept. 


3 

IS 


0.83 
1.80 


2.50 


0.37 
1.90 


N.D. 
1.10 


Nov. 


5 
18 


0.88 
0.69 


85.0 


1.70 
0.86 


0,93 
0.73 



TAIBIJE m 








MAXIMUM AND MINIMUM OBSERVED CONCENTRATIONS 


OF ATRAZINE, SUSPENDED SOLIDS 


















AND TOTAL PHOSPHORUS IN TILE DRAIN SAMPLES, IfM-U 




















Atrazifne Cug/l) 








Total Suspended Solids Cmg/ll 






Total Phosphorpus fmg/l) 










Sample 




Sample 


i of 




Sample 




■Sample 


1 of 




Sam pie 




,Sa,miple 


If of 


Station 


Year 


,VI,inim.um 


Date 


Ma Mi mum 


Date 


Obs. 


Mliniirnym 


Date 


Maximum 


Date 


Obs. 


Minimum 


Date 


Maximum 


■Date 


Obs. 


TI 


m 


0.13 


Aug, 22 


3,0 


Sept. I 


12 


0-012 


Oct. 11 


ift.sao 


Dec. 12 


12 


0.008 


Oct. 11 


0.031 


Dec. 12 


12 




S5 


O.Of 


Dec. 10 


3.2 


July 19 


1% 


0M2 


Oct. 30 


29.380 


May 28 


Itt 


0.00ft 


May 21 


0.055 


Se'pt. 2 


13 




M 


0A2 


April 8 


t.m 


May 13 


It 


0.1 


Sept. 18 


100,500 


iMIarch 13 


13 


0,002 


Nov. 53 


0.263 


March 19 


14 


T2 


St 


hm 


Nov. ,10 


1.7 


Dec, 12 


3 


o.soo 


Dec. 21 


3.072 


Dec. 12 


3 


0.0 1 3 


Dec. 21 


0.038 


Dec. 12 


3 




85 


IM 


April 22 


2.9 


Nov. Ik 


ft 


-0.0#5 


Oct. 30 


7.080 


April 22 


If 


0.026 


Dec. 10 


O.OSS 


April 22 


t, 




$6 


Q.n 


May 13 


85.0 


Nov. 15 


8 


0.2 


Nov. 5 


2.6 


June 5 


E 


0.033 


April 8 


0.220 


May 13 


8 ■ 


T3 


m 


0.17 


Aug. 22 


S.3 


Sejpt. lO' 


12 


0.100 


Oct. 11 


|%.90O 


Sept. 21 


12 


""'0.033 


Nov. 2 


0.8ft 


:Sept. 10 


12 




85 


ND 


Aug, 19 


*.80 


May 16 


15 


-0.37f 


feipt. 2 


7.3«»0 


April 22 


15 


0.017 


Seipt. 2 


0.530 


July 19 


15 




8& 


0.J? 


■Sept. 3 


3.90 


Aug. 7 


1ft 


0.0%? 


March % 


625.0 


Aug. 7 


10 


0.016 


Sept. 18 


1.51 


Aug. 7 


13 


■■ft 


g« 


ND 


Nov, 2 


11.10 


Dec. 12 


13 


O.OSS 


Oct. II 


8.060 


■Dec. 12 


12 


0.007 


Aug. 22 


l.ftOO 


Nov. 2 


13 




85 


NO' 


Feb. 1* 


3.3 


July 4 


If 


..0.2«i9 


Aug. 5 


1 5.280 


March 29 


16 


0.002 


Aug. 5 


0.122 


Feb. 2 5 


21 




16 


B:D 


March 5 


2.20 


Marcli 19 


15 


0.9 


May 12 


18.730 


March 19 


11 


0.003 


Sept. 3 


0. 1 n 


March If 


15 


All measurements in ug/J 






























ND - nioit detected 

































f ^ 



Table D6 Observed Daiiy Total Suspended Solids, Total Phosphorus and Atrazine 

Loadings for Four Surface Water Monitoring Sites, r9E5-S6 



1 



.M 



m 



feervfd Dai liy Total Suspended Sal ids iLoad, Stn. UU (KGI 

m&L DATA mmM- Bmm m raim •MI^E imni 



1 


Mirii 

fofw 


M.MLM 

wwn 




IhI 


«H 


12.1 


MMM 
111 


if'^j 


MMM 
111 


MMM 


MMM 

111 


MMM 


2 


MJtUlt 
'REn. 


wwm 


MMM 

inof 


MMM 


2.1 


IH 


IIIR, 


l^--- 


10.4 


MMM 

Mil 


MMM 

1.K1 


MMW 


3 




MJLM. 
K.WK 


111 


MMM 

111 


MMM 
IHFs 


■MMM 


UUM 
111 


is.; 


MMM 

.nil 


'i« 


MMM 

■ 11 


MMM 

HTl' 


4 . 


soot 


MMM 


MMM 
111 


MMM 

111 


MMM 

wM 1' 


.MMM 


24.2 


i>r ^ 


MMtf 

lorn 


MMM 
Kkw 


Hi 


IM 


5 


nlnli' 


MMM 
lln 


m 


MMM 

Wmm 


NmM 

111 


MMM 

WWm 


UMX- 


47.'b 


rnkM 


le 


MUM 

WWK 


MMM 


' i 


W 


MWM 

I'll' 


MUM 
mmm 


'HI 


Ml 


MMM 

ffiTTH 


K.l 


»;■ 


3481.5 


'MMM 

H.l.n' 


'B* 


111 


t 


MUM 


MMM 
111 


'iHri 


,MMM 




S.'6 


m.h 




MMM. 
R.Rt 


MMM 

Wirt 


m* 


MMM 

in 


i 


MM'ti 


M 27^.4 


'WW 


'HiiiiPi 


MMM 

WMM' 


IMM 


»«' 


MUM 


MMM 

WWm 


MMM 

m 1 M 


MMM 
IRR 


1 


MMM 


W 


MMM 
111 


:MME 
Hfw 


MM If 

IVrl! 
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1r yyyyyy yyyyyy yyyyyy yyyyyy tfyuMUM MnififMn uififUMif ifuif ififv tiifUKuif n tVtX] n ffnn mu ifuuv 

D RRRRRR KARRAA ****** ****** ****** ****** ****** ****** ****** U . UUTU U . UZ JU ****** 

lo ****** iHHHf** ****** ****** Ij . Umj / Ij , uiotl ****** ****** **iHHHf XKKIOOt Q . U2 30 MXXKKX 

17 ****** imm ***M* ****** ****** 0.0940 ****** ****** ****** ****** O.D260 ****** 

lifl Kyyyyv yyyyyy yyyyyy yyyyyy yyyyyy n ffTTin yyyyyy uv^mvv ififnnuv P niTTI n rcTfin wifnunn 

lO fifififijiA RAR' RR RRRRRA RRRRRR ****** UiUiLRJ ****** ****** ****** U.UiJU LI.UuXl ****** 

19 ****** ****** ****** ****** ****** 0.3180 ****** ****** ****** D.060D O.D340 ****** 

"Ki yyyyKy yyyyyy yyyyyy yyyyyy uninitiu uvvuuv n nDO^ wuui/iiv wmumvi. n HTCTl vvvuuv i/mumw 

£U ****** RARRRR ****** ****** ****** ****** U . UUUO ****** ****** |J . IJ/nlJ ****** ****** 

21 ****** ****** ****** ****** ****** ****** ****** ****** ****** 0.017D «***H ****** 

2 ****** ****** ****** 0.0010 ****** D.072D ****** ****** *#*»#* ****** ****** ****** 

23 ****** ****** ****** ****** ****** O.OWC ****** ****** ****** ****** ****** ****** 

24 ****« *#»**# ****** ****** ****** 0.0490 ****** O.DOZO ****** ****** ****** ****** 
S ****** 0.1450 ****** ****** ****** ****** »*#**« G.DOID ****** ****** ****** ****** 

% ****** ****** wkWk ****** 0.0040 ****** ****** 0.0050 ****** ****** ****** ****** 

27 ****** D.D91D ****** ****** O.DOy] ****** ****** ****** ****** ****** ****** ****** 

aKHiiyyit yyyyyy yyyifyy yyyyyy n [KTVI Mityyyy lyiKlfK yyyyyy i>vifimn vifnnwu k dun v vxkjlxk 

n n n n .1 n n » i n n B RRRRRR AAAAAA U . LAdJ ****** lA RIRR ****** ****** ****** *'**** ****** 

7? <'4HFt¥¥ n nCTfl HKVidilf KKHKHH ifKyyyy yyyyyy aatyyyy yyiiitMy MKHnyy wvuififif vnuhLfw 

tl nimnn" U.UOtU ****** ****** ****** ****** ****** ****** ****** ****** ****** 

1 ****** ****** ****** 0,0007 ****** ****** ****** ****** 0.0010 ****** ****** 

31 ****** ****** O.ODOB ****** ****** ****** ****** 
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■Oteepwed Total Daily AtraiilC LM3j STN:. IN4> (KG) 
AMtlAL DAIA OlfflJI^ &!!«! FOR PffiliQD MING ITO/IZ' 

jw iFBB. ifffi m mi jLt^i JUL ftjs EP' OCT m mt 



1 MWiM WHfm H**1H( *«#**# «#*#*« **IHHH( D.DD30 *«*)t)t« UHM mm JHHfiHf* IHHHHf* 

ItlrlnrtT lOnHnU flrrjHHHt UKRXKK RRRXRIl RRRRJt^ JrRTxwit »»»*»» TTTTXx RRjinuFi TTJTMTR AAAiinn 

3 Mi;mnm vuiivvv KliMk'MM MMMMttM kllKM^H MVKMlt^ If W ¥ If V ¥ V If ¥ V ¥ ¥ HHJPUlJt 1I1IM¥H1I ^VHHIH jfjtWiUI' 

4uutf ««v MUiinny MUMMUM KMMMMK M^H^MK ^K¥H¥V V U V t H ¥ HV HH VH V^1U¥^ 1tV¥U-U KM U B Kjf iUCUXVlf 

K'n K ^ * K jniinniTT jnnnnni jnnnnnr winnfTnf T^innrn HTr^TnTX flTrwinrn nirnRTn WKnrr^r wwwwkt TntwTm^ 

5M.lt>!Kll¥ ^HMMMk M^im^lt ¥ M K K M ¥ ¥¥¥¥¥¥ ¥H¥¥¥¥ ¥V1;V¥¥ V^UtV-IU KHI^K^IH My ¥¥¥!( ¥¥44l'¥¥ ¥iii(.l{i{.l( 

nnnnnn inTJnnwT TTHTnOnT TnnnnTH irinnnnf innnrwM a a aa An jnTTFTrn n a aaha irsTnnrH KFjTKKn n f, b n » a 
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MWWVUM WMVVtf tf VVUVVV MUitV^V W V U tfVll t< M tf tf h W \JtJ VMMU HifMM_¥if MMjftfMtf tfVMMMV M¥ MiJ jTM MUyMMM 

jnnmrR innmnt inmnnr imnnrir kkh'TCKH jnnnnrn jiahrrh jnmnrn jnnnnrR inrTtanrn inrionrK iRWiisiRjm, 

MMMU^Al vvvwuu ^ yywMv m-ummmm M\iiim<M ij uutfwu MWvtfUtf hkwumu MMM^MMtt 1UC¥AUU£ M I M M 'M M ^lUMMMM, 

ly It IT "71' inrivjnr?" innnnnr srsrinmr xmnnr xn KKKn ^kkthtk innnnnc inmnnT KnUnKw wkwwwk m;n m'wwm 

^^Vijuit MMUMif M vvvvuit Mtf tf tf tf tf Uitii^iiM vvjULM^ fl nfTTTl tfVK Ktfw fcf w If w w If MMtf My M M M M SJ M M IfW-W-M-liirtf 

Jll KAAK RXRXXR KRXRkK tRXKRH ITRIntTTt XRltRKR U«UluLU RRRRRR RRRARR inonTTX ITTKTnnT mrtmmwm 

uuuMUi^ uuvuuu If tftfWMU Viivvvv wtftfvmrf n nnni vwifwifu yy tfWtfV uwtfwwtf MifkUUk M If If If if W M'MiMmi 

jTw Jnrirw KKRffRR innncJCK imnrint innnnnr y ^ UUU 1 mnmnc mnnnnc mem* n k innnniT Ritniinii m m m m bi m 

M vu tf V tf Mif vwy If vvvvvv vvvvvv If tf If If If If Mif If tf If If If If If MUM Mif wif Mif MUtfifUU uuuMMh tf tftf umm 1 ¥! W 'M tf I 

TTiinnnr innnnns rkhhhk hhRkrr rrrrhR kxRhRR rrrrrk khhhrr inrinnric hrxjim a TnonorTii: mAieiiwaii 



wvvtiv itjMUUtit iftf If If If if wvif If ifv Jfitifit^ifit n nnn^ wuvvti wuvw virvvMV u wuvm\^ MJMM'M'Ml K M M M M M " 

TTTnTnc TviMnnnc mMrmnc mtirmni nKnirnn u , UULmL innnnni innnnnf innrinnr innnrini n. n h. n, hhi iiiiininin'n.ii 

^If If If y tf tf If HMMte MWMwMtf Mtf MMVlf W ll If M M tf y M -U M llW A nnn'7 MWMkMM M M "tf M W V fl (1001 f ¥ H' |f tf If MtfBWMtf 

nKKKnn mnnnTf HH ANRR RnnnilK RTnTninC JDrinnnr |J , yiJUt XKAAJIJl JnTTTJOnT |J ^ UUU 1 Jnonniir rbaw wn 

Mif fc/tf If u If If u iftf If ytfiiwifif iiuwvtt WMMMtey mi^uvu^ yuMWUM u^f yMyu ytfUMyy 000 1 10 100011 MMMMMH 

K R n. R H H mnfinrR rrrrrr rxrrrk innnnr^ TntJnrjTF innnnnr Tnnnnnr ttr n « « « U-LHJUi U •ULnJl hrwriiii 

vkyMUif hMUkwy MMMMium yMvyme mtavwy vyytftfw mummmv yvtfMtfv mmmumm VMyyuk MM MM - 'MI MMKI I lf l 

mnnnni mnonnr innnnnr jnnnnni mnnnn^ hhrrr-r jnnnnnr x^bfrf jonmnr mnnrRft inirion™ r s, rr pi i. 

ilvvuvu yy u«y w y y y y y y m mmw y y y yyy yy fl IVTTO yyvwvy yyy vyy y i: y v y v viivvvv *iiUM.M'MM auMUUM 

mnnnnc mnnr!nr rrrriir ninnnni snonnni u , uyjy xmnnnr mnnnnr jnnnnnc xrrkitr lontiinnii rrrrrr 

yyy yy tf yvyvvu MkKJtfJtK vvvyyv si.v.iiitiLii. C\ 0010 w yvy y y y yyyy vvvmvv yyy uy u fl 11001 MJOulMM 

RRRR RR RR AARA WRK^lfW W^RWlTJ? mntJtKK UtUUXU RRRnRR nRRRRR RRRRRR RRRRRR y.i,l|yUA JriilARlRl 

yyvwtf y yyyyyy yuyy^v yy mw vy vy vwyy ft fU.^ tf tftftftfy yy yyyy If y tfytf fa yyyyyy tfyytfMy mmmmmm 

RRRRRR mnnrTT mnnncr mnnnnr mnnnnc U , Kjv^^J mnnnnt mnnnnc mnnnnc mnnnnt innnnnr r r r, a m iit 

yyyyyy yyyyyy y yyy y v w vvvv yyyyyy yyyyyy yyyyyy tf tf y y y y tf y y y yy fl 0001 fl fWifin MMMMMM 

RRRRRR TTk A W R R RnnRItR h RRRR R RRRKRK RRRRRR RRRRRR RRhRRR HRRRRR {J ,UUUi IJ i. yyy £ PHwRRK 

wyyyytf yyyyyy yyyyyy yyyyyy yyyyyy yyyyyy f] ftflflL yyvyyy yyyyyy fj nOOl uuuuyu lufMU'yiuiy 

nnnrt nn RR AR AR RARR AR RAAARR RRRARK RRRnKR u^UIJUD RRRRRR RRRRRR UaLkJUl nnKKinn. iRARA[>R,R' 

MMM¥H^ ^MMMtfJt uyyyy w yyyyyy yyyyyy yyyyyy uuuuyy yyyyyy yyyyyy yyyuyy muwuum yyyyyy 

JnTflRTTR Aflnnnn RRRRRR aaRRRR RRRRRR nnRnliA RRRRRR RRRRRR nnnnnn AAA AAA wRTnTnTR nnn.!i.^n 
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yyyyyy yvwwy y yyyyyy vyyyyy yyyyyy yyyyyy yyyyyy yyyyyy yyyyyy utfwyy y yyyyyy yyyyyy 

RRRRRR A AAA An hhICXTR TRRkKh KJcRRKU HRRRRIt hITRiihIi mnnnnT winnnnr RR A AAA RRRRR A R RRRRR 

UMV^yM MM¥M¥¥ IfMMMMM jlh-Mmuv. yyyyyy MyyuMM atMiLtfM,M MUM MMM y.ltMMMM ifcttMkMM MMMMMM MKV VMM 

RRR ARR mnntrK XRICICRlC KICR'RWR HRRRhR RffKRRR FjHrnfllR R B R JTR R WHRItUR HRKRRR KRURRR RRSHW^ 

ttJUUUlK ¥MMitllM yyMMitlC yyyyyy yyyyyy yyyyyy yyyMyy M U M MM M yyyyyy y yyyyy yyyyyy MMltMli^ 

mrmnrlT mnnn™ Innnnnt VRXRXR RRRRRR RRRRRR RRRRRR R JrRlTR fl RRRRRR TtRRRRR mnntXK RRRRtR 

y y y y y u yyyyyy yyyyyy yyyyyy yyyyyy v yy y yy y vyyy w fl 000^ y y h y tfy y y y vy v My yyy « wjjLkJLM 

RR AA AA RRRRRR WKHinnC wTiniRX RVRRRR AJIA:AAR HRAAAA U . UUUA mCXRITR HRRRRR RRRRRR AR AAA A 

yyyyyy y y y y y y y yyyyy y yyyyy yyyyyy yyyyyy yy vwy n ROiT? lUULUJCiC yyyyy y yyyyyy yyy y yy 

RTRTRT nRRRR A KARRR A nRRRmt RRRRRR ffRRA RR RRRRRR U • UUUi TTTnTRR RR ARRX RRRRR A n n n n n n. 



m: M If M M y M 1 M M ¥ M M M M M"M M y M'My'Mta wMiMMiyyi mmmmm-M 

'RRRAAffi IH1.R.R:hR' ARRXiHn: N.R1KR.JHIR, RRKIRlRi mIEmaRM 

y y y y y y MMMMli' itf w m y w y lyyyywy O nffTHO MMiyiJEM 

RRRIIRJI i,!li*lffi MRiRll I1R.MI.R.A y . ij^ll IKKMiR 

M K Ml I i' M M M M M W ¥ 'MMM'M'lff'M ww'MM'yw mmmjmijm mm mm mm 

'?• « wi n «i A mAAMiiim' .HR.R..R.R..R MRRRWR. Willi n nil nlRnRMlR 

MM'iM'M'B'M' MKMMMM lyyyyyy M MLilLM'.li'-M WUMMMM 

R R R R Ri Hi mnmm.m.M IRR.JIR..R.R HR/hRiRm' H HI KIR IKE 

M M - MM - Mj ' HwMVMv yyyyyy w y M M » w mm mm mm 

ii n Pi m Hi Pi winnnnr innnnni mm wtmKm IR'.R1t-JrR-JI' 

MM'M'W'itfM' utiMWMM fl nVV 

WRRRiRii" KRRHRl U « lyLlUu' 



iMniMMMM fl| inflOl^ yyyyyy w y m w m y y y w w y y lUUtJUtM 

■ HNJliRlll y ' J iJlJUiJ RR R'aR R RRRRIIR RRRRRil RRRRRh 

MBf iiMiMif MMMMMM miivwuv Muuw\tM WMy'iifMiM MMyyyy 

RHNHiin' InOnOim' IRHRRRR RURVCRR. RRRRRH RRRRRR 

MMMMMM MMMMM-'M M MM yyy ifM-MMMtf M.MMMMM JUUiMMM 

RlHRRRiH' iH RRRRR R.R,RR'R'11. 'IRRiii'RAiR 'Rim AHRIR H R R. R Ri R. 

y¥f MM tf MMMMMM M^utfyu-y MtfMMMy mmmmm m MMMMMM 

Ri'AliniRNA IN iH iR M R R RRRRRR RHlRiRm ERR n Am' RRRRRR 

iMlHilMiyM yyyyyy yyyyyy mwmmmm wwmM'iiv yyyyyy 

HiRIRiRRR RRRRRR RRRRRR, R p IR Jl MM H-RKRliK RRRRIRR. 

MMMIirMM MMMtfiiM liliMMIUlM MiiMMHH 

RiRNmlRRl iR RRRRR ERMiRVh RRRRRR 



■ftservedtoily Total Atfaiiine Load) Stn. Ni,i (KG} 

mm, DATA DiisMY: mmi m period mmi im/12 

DAY m m m m mt jln jul ue, ^ oct m dec 

1 mm #**#H mm mm O.OIQD mm ¥.mu mm mm i^m^ nmi mui 

2 mm mm mm ****« m^m ***m mm mm ^mt* mm mm mm 

3 nmi mm ^m^i bjhhw m^ ^mu «minf limu D.D02D 0,1710 um* «««Hit 

4 Mm^ m^m o.OlOO mm m^m mm* mim mm mm 0.3830 Bm» um^ 

5 ««*m mm sme »*m# imtm D.OOi.0 em* mm *m»* 0.347D D.D12D «#*-m 

h mm m*H mm mm mm mm m*#* »m** *mi^» mm^ mm *+**»# 

7' m*#» »»m* mm mm *#m* m)HH( »*mM d.D7?8 mHK wmnf mm mm 

B mm mm mm 0.D12Q mm mm »m** 0.1320 mm mm vmw mm 

9 m^H mm mm m»#* mm mm o.OO^ 0.1330 m*« «mjf* m^m mm 

IQ mm iHfm* 0.D849 mm mm mw* mm o.lM) 0.[)4'55 i^mH mm mm 

11 mm' •«» i.mQ mm mm DJQZ44 Oi.OOtt B.EBaj 10.1600 mm mm mm 

12 ^m«' 0.0140 O.iao 'Wm mm p.2M O.OIBO 'Wm o.20'7D O.oa mm mm 

13 »«« mm Q.DK mm' Di.00411 0.0192 OJlSOi mm^ O.lDl 0.1210 *»»■ mm 

14 mm nmm mm. mm mmt mm mm» mm O.EOO O.lBl' mm mm 

15 mm mm ,mm' m«t mm mm^ iimi mm o,..l610 0.1120 mm» m^m 

ih mm mm mtm mm mm mm o.D5i}] mm 0.0960 O.OMl mm mm 

1? mm «m»* mm mm mm »m** 0.0370 »*m# o.O&ll misw m«i mm 

18 xm*^ <H(m# 0.1^ mm mm mm D.Q362 mm 0.03301 mm G.OliQO im#« 

19 «m« mm 0.5650 mm mm jn»m 0.3110 mm mm mm mMM »»« 
201 mm mm* 0.2000 D.OiZl 0.1?40 mm 0.1020 )wm# mm mm »m#i mm 

21 **m* mm D.0621 0.1900 D,i?lD mm 0.062D Bmx m^«t* m**M mm mm 

n mm m^^ mm o.llOO 0.0500 mm 0.0376 iwrnx mm m«)« miHOt »Hm 

a **mif mm «m*# mnnw mm mm ##m« miHiK mm mm mm m»»* 

24 mm 0.0110 mm mm mm 0.DZ3O mm m#M m#*» wtmx mm mm 

25 tf*m» mm mm «m** mm mm »m*# mint* mm mm ««m» #«w« 

2£ Km^H^ «m*# mm *m** 0,0190 mm m^u mnit m^«H( m#« mnif m*** 

27 mm mm mm mm 'kmm mm mH» mm mm mm -wm mm 

m mm mm mm mm mm mm mm mMi mm mm m^i mm 

B mm mm mm mm mm m*»w m*#» mm mm mm »m** 

30 mm mm mm mm mm mm mm mm mm mm mm 

31 mm mm mm mm mm *mm mm 



'Obserytd OiilK Total Atrazime iLoad» Stn. 1^, (KG) 
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mm. DATA OlffLA,Y: aitWY FOR' TOIOD BCM l:m/12 
JAN :FEB MAR ffi my Mi JLL, AUG 'SEP OCT IW KC 

««« W«M HOBHHI IBHBW O.DM' #'»««# *m« fWHBtt mm »IBW« e#™ **MM 

K»« mmm m*m mtm mm* mm mm mm »»e» mmt mm* 'mm 

#mt w*M MTO e.e« mm mmm mim mm *mm mmt* mm ««« 

WTOHi^ HHHHtt mm* mm* **mi* mmm mmm **mt* ^mm* ***m *mm mm* 

ii»» w«« iHBw »«« iiie* 0.0011 M*m www. me* mm OJOIZ mm 

e*w* ww*ii w**w «^w*K m*** **m* *um mm. u^m ***m www www 

itwwK ifw]«w *nm nm** mm www sww* o.CDi3 im** www «ww* ifww* 

*m** www www 0.0021 www www www www w)fw* www www www 

www w«w# )fw*w www www *ww* 0.0030 *ww# www www www www 

mm www www www www w*w« itmm www 0.01&4 www www www 

*ww* w»tw* *w*w www #ww* D.D050 www www 0.0322 ****** mm www 

www www www www www 0.0509 0.0065 www 0.0267 www www www 

ww*» www www www 0.0004 0.0088 www www Q.OIM 0.0195 w*w# www 

www www www w*w* www www «ww* www D.D2U D26D www w»w* 

www www mm www www www w#wm w#wk 0.0206 D.D16! ww*« mm 

www www www www www www 0.0030 Witw# 0.0176 0115 www www 

www mm mm www www www 0.0017 »wm D.0i36 *^**** mm www 

www www www www www www 0.0163 www www www 0016 www 

mm www www ***m www www 0.0630 «ww» kww* www www wkw» 

www WW** www G.DD3? 0.09^ www Q.0234 www www w#w* www wwe 

««wf mm **'*m d.DSOi D.,D364 www Q.om mm wi» www www wiwi 

www .www www. 0.0124 oiJl60 www O.iDEl www .www w»w* www ^www 

www. **m* www .www www mm* *mi* mmm ***m www ww«.«. mm 

mm www :www www .»»« 0.0016 www www wiw» www w#wi. mm 

.iwiw www »i»« www www. www !»»« ime www iw..w.i .W«Wi. W*Wtf 

www www. .www .»«w o.OffiO w*.w« www www .wiw« www .»ww« www 
.WWW www. iww# www www www. www .www www .www www www 
i»«« www www www .www www www .www www www www w.«« 
i'WWi .www www www www www. www. www iww« .wiw« .www 

mm www mm mm www .iwwi. www. .www www .www .www 

■iwwi mmm .■ mmm www w.ww . «.w»w *mm 



Obsfrwtd Daitly Total Atriiine Loads Stn,. IGi (KG) 

mm. DATA Di^AY.:. BJ^m FOR mm miic im/iz 

IF M. m m m mf M M, piL ^ m m m 

1 mm **m* mm }tmu O.ODll mm mm m^i mm imu mm m^^i 

2 m^i mm m^M mm mtm mm m*** mm. mm m^m *^m* Mm^ 

3 *m#* mm imu mM* m^H mm mm m^u mm mm mm nm^ 

4 mm mm mm mm mm* mm* h#*m mu* mm mm mm nm* 

5 mm mm *m** itmm mtm D.D009 ^mn mm. mm mm 0.0020 *^m^ 

h mm mm mm mm^ x^^w* mm mm mm mm mm* mm mm 

7 nm* *mM **m* mm m*« mm. mm D.D13Z mm mm **m^ mm 

8 mm mm mm 0.0018 mm mm mm 0.0190 M*m mm^ *m** **m* 

9 mm um^ mm *#*«*« mu* mm 0.0003 D.Q131 *mi>k mu^ mm m^*** 
10 m*u mm mm mm mm mm mm 0.006^: 0.00/>3 m^*^ mm* *m*^ 
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WWHrt JHHHHHt HHH ««)HHHt <HWM» 0,0054 0.0012 C.DQ4i D 

mm mm mm^ mm^ m^m 0.0276 0.0017 *mM o 

)t)tm« iHHHHHt 'miHHf wuMP 0.0314 0.0144 D.D012 mm o 

m*H iHMHHH* MHHHHf *#*«* WHH*** *»M« B*«JHf )Ht*m 

iHHHfiHf JHHHow ^HfM#* *m^ mm mm *^m* mm o 



0313 ***^** Hen «<HHm( 

04M mm* mmk ihhhuw 

DU2 *+*m etHBt* *#e)H( 

0081 1H^)HHH( Wt*IH« «***#* 

00?0 »**ww ««■»#* ***«*« 



iHfWHt* mm mm mm umi *mM 0.DD47 m*i()( 0.0106 »*m* *m^ mm 

«m*# «^(m« mm *mu mm *m*i 0.D022 mm 0.0056 m*#« mm mm 

m*** mm mm m*** m**# mm «*m* m«i« 0.0027 mm 0.D013 *m*^ 

*m*^ *m*t( M*m< «mK mm «m** jwrn* m^(*« mm mm *mi^ ****** 

***m *mvk mm 0.0031 0.0176 «*m* mm mm «m)f* **m* mm m*#» 

miwif mm mm d.00?6 0.D13Q Jtmw «m** mm mm mm^ mm ifmiw 

mm mm wm* Q.OQSt 0.0077 mm iHtmi mm mm miHt» m*H mm 

mm mm *>^m ***m *m^* *^*m mm mm mm* mm^ m*** mm 

mm *mM *m** mm *mk* D.D013 mm mm mm mm *mm *mm 

mu* *mM )wm* mm »m«* mm^ m**s «m»» mm **mi mm mm* 



mm *m^ mm mm, D.OOIS *Mm mm ***m 

*mm mm mm^ *m^ *^uu **m« m^* *^**m 

u*m *m*^ m**» ¥**m mm m»« mm »*m» 

mm* fmiHi «iHHHHi if#*m mnnt* mmk intm* 

WHHHtf mm mm mm^ mm^ mm^ m<m 

umk '*m^ «m* *mM #m*« 



HiJ Mtf h If y tf If tf V 
HTtT innnnnt 

innnrTfl TtJntlnt 

»y WMMW MVUiUtiC 

h ^i jf Mn W V tfif tfif tf 
fah If If If If 



imrjnnf RTncimt 

kLkkfHJLU y tf tfifKif 

hkhuhk WnHRlnK 

VVUwuu 

KKnRRR 
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%iservedl DiJIy Total itrazine Loadi Stn. fi., IKG) 
mm. IDATA MfflJY: arWRY for Pffi'l© Miif€ im/12 

j*i ra ,H«' m irn m il Mj ^ •oct 



y y y L' V y jt>f¥¥¥tf 

if M^if Ktf tftf u If tf It 

tf M if tjtfw MMMi^MM 

TTinnnnr Tnnnrn« 



Kjf i f ¥ ■ if If tf tf w tf w u 

nmmr TTmntw 
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APPENDIX E 
METEOROLOGICAL DATA 



Table El Daily Evaporation, Total Precipitation, Average Wind Speeds, Solar 

Radiation and Average Air Temperature, 1985-86 
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DAY M m m m rm m jul m m m m dec 



1 


ifS:50 


0.00 


2.59 


O.OD 


0.00 


D.DQ: 


O.QO 


0.00 


5.5 


S.OOi 


e.oo 


O.OQ 


2 


D.OO 


0.00 


DJfl 


0.00 


0.00 


0.00 


0.00 


Q.OO 


0.00 


0.00 


6.00 


O.OD 


3 


ID.IDS 


O.QO 


O.DO 


l.B: 


0.00 


0.00 


O.QO 


0.00 


0.00 


0.00 


11.00 


0.00 


4 


fl.ee 


O.QO 


B.B 


3.00 


1.50 


0.00 


D.OO 


0.00 


D.5Q 


4.5 


19.50 


Q.OO 


5 


e.oo 


0.00 


i.a 


17.M 


2.S 


D.QC 


7.50' 


0.00 


3.5 


2.75 


0.00 


2.70 


4 


Oi.CD 


0.00 


0.00 


4.15 


3.;/5 


O.QO 


3.30 


D.OO 


0.75 


O.OD 


D.OO 


2.70' 


7 


2.00 


fl.OG 


8.60 


2.2? 


0.00 


0.5 


C.50 


6.5 


O.QO 


0.00 


4.00 


O.Ofl 


e 


O.flO 


O.CO 


6.12 


o.oe 


u.OO 


0.00 


17.23 


O.OD 


13.00 


0.75 


O.DD 


0.00 


1 


OJOQ 


O.CO 


0.00 


0.00 


O.QO 


i3.m 


0.41 


0.00 


2.50 


7.5 


i7.B 


m..m 


ID 


ai.DQ 


O.OD 


0.00 


0.00 


O.OD 


fl.DO 


0.41 


1.00 


i.a 


l.DQ 


7.50 


,86.76 


11 


Di.OO 


0.00 


3.00 


10.55 


0.00 


14.12 


0.00 


0.00 


D.S 


D.OO 


O.'DO 


'7.34 


12 


dM 


C.3Q 


D.IDD 


0.25 


0.1 


O.DO 


2?'.45: 


o.m 


urn 


17.B 


0.50 


0.:D0 


13 


O'JOi 


7.00 


0.00 


0.50 


I.QQ 


Q.S 


O.OO 


O.SQ 


O.ODi 


7.75 


12.5 


1.00 


14 


OJfl' 


0.00 


QJD 


DJQ 


O.DO 


O.OD 


D.SO 


2.5 


O.DO 


D.DD 


3.5 


O.DO 


15 


0.00 


OJO 


i.OO 


0.00 


3.Bf 


3.50 


4.15 


17.50 


O.ffi 


3.50 


OjDO 


0.00 


1:6 


1,4D 


0.00 


o.a 


0.00 


0.00 


40.50: 


1.75 


Q.OO 


D.GO 


D.OO 


13.&J 


" O.DO 


17 


LW 


0.00 


O.QO 


e.s 


Q.OO' 


14.-^ 


O.QO 


O.iDQ 


COG 


0.00 


G.QO 


0.00 


18 


1.20 


Q.'DD 


O.QO' 


o.oo 


0.00: 


D.:S 


D.iO 


O.DO 


0.5 


S.S 


20.50 


11.42 


19 


3.,5fl 


e.ioo 


O.OD 


4.DC 


O.OD 


0.00 


15.23 


Q.Ofl 


D.OO 


UM 


19. B 


O.'DO 


m 


O.DD 


Q.QD 


O.DO 


0.25: 


12.75 


0,5 


O.'OO 


D.OO 


0.00 


Q.DOi 


1.5 


O.OD 


21 


Q.iDO 


3.2? 


D.OO 


D.S 


0.00 


D.DOi 


o.a 


G.ffi 


0.00 


D.m 


0.00 


O.ffl 


2 


0.00 


5.36 


D.ll 


0.00 


O.OD 


14.5 


B.OQ 


0.00 


0.00 


D.OO' 


0,00 


O.ffl 


23 


0.00 


IB.Ol 


2.00 


D.OO 


O.OD 


0.00 


0.00 


0.00 


O.QO 


D.OO 


10.15 


0.00 


24 


Q..eD 


3,03 


3.:50 


S.B 


fl.DO 


0.51 


0.00 


6.DD 


B.iOO 


2.50 


0.00 


O.DO 


B 


OJOi 


C.QQ 


0.00 


o.a 


3.'5 


0.00 


D.iOO 


5.00 


D.m 


0.00 


D.:D0 


fl.DO 


26 


0.00' 


0.76 


0.00 


O.flC 


2.D0 


D.OO 


l.OD 


53.B 


S-B 


O.DO 


7.00 


O.DD 


2? 


coo. 


2.Q0 


11.00 


0.00 


15.00 


O.OD 


O.OO' 


D.DQ 


G.IDO 


D.OO 


, D.OO 


O.OQ 


a 


Q.OD 


D.DO' 


m..% 


2.75 


0.50 


O.ffl 


D.OO' 


O.OD 


0..D0 


O.DOi 


D.tt' 


■Q.m 


^ 


O.DO 




0.00 


D.DQ 


fl.OQ 


D.S 


O.OD 


O.DO 


D.OO 


0.00 


3.a 


O.IDO 


3DI 


OJDO 




Q.QD 


0.00 


O.DO 


D.OO 


O.OD 


7,5 


2.00 


0.00 


O.DD 


D.OO 


31 


2.00 




14.15 




ii.ai 




2.00 


0,001 




O.OOi 




0.11 


.an 


ai.SD 


m.hi 


117.34. 


54,.2 


57.^ 


1E.67 


IB4..53 


io4..ai 


43,m 


92.5 


156.1 


14!.^ 



SIM: OF IHQKTHY VAJS i.l03M+fl3 



T 



teilv Total Pricioitatiii Stn. 13 1 im) 

mm. mm dimMf- ^rmi m raioo mm iw/12 
DAY M m m m mt m jll m m oct m e 



i 


D.DD 


11.68 


Q.QO 


3.DD' 


4.00 


Q.S 


a.QD 


2.DC 


D.DD 


3.06 


6.42 


0.00 


2 


G'.OO: 


O.DO 


0.00 


0.00 


O.m 


0.00 


0.00 


8.75 


D.DO 


l.E 


Q.31 


18.72 


3 


0.50 


iD.OD 


0.00 


O.QQ 


Q.DO 


D.DD 


O.DO 


D.OO 


O.QQ 


3.9? 


0.92 


9.92 


4 


0.00 


4,.% 


D.OO 


4.0c 


D.OO 


0.00 


0.1 


0.00 


Q.OO 


0.00 


0..£2 


O.Ol 


5 


2.0 


D.OO 


0.00 


7.25 


O.ffl 


0.00 


0.00 


0.25 


Q.DQ 


5.W 


0.00 


D.OD 


h 


O.OO 


D:.O0 


G.OO 


1.00 


10. s 


D.OO 


0.00 


1.50 


O.QO 


2.1 


O.DO 


0.00 


1 


0.00 


0.00 


I.S 


1.25 


O.DO 


0.00 


Q..DO 


17.1 


0.31 


O.DO 


O.DD 


7.92 


e 


O.OiO: 


DJQ: 


O.OO' 


Q.S 


0.00 


D.OO 


0.00 


S.S 


0.00 


2.14 


2.76 


Q.OO 


? 


O'.Dfli 


D..DO 


7.00 


O.S 


0.00 


0.00 


0.00 


O.OG 


0.00 


0.00 


0.00 


38.21 


id: 


D^.DiOi 


Oi.QO 


a.02 


0.00 


Q.ODi 


l.DQ 


0.00 


3.50 


83.90 


0.00: 


0.00 


O.ffl 


11 


0.00^ 


D,.DO: 


D.DO 


im 


D.DO 


24.15 


13.25 


D.S 


5.49 


O.DO 


1.23 


O.QO 


12 


Q^JOi 


G!.QG 


Q.QO 


fl.QOl 


DJO 


ZOi.S 


13.50 


O.m 


9.16 


3.97 


O.QQ 


Q.QO 


13 


Oi.QQ 


0.00 


0.75 


O.DO 


DJO 


O.'IB 


3.00 


0.00 


O.DD 


10.401 


Q.DO 


O.DO 


14 


D.DO 


D.OO 


D.lOO 


1.5 


2.00 


0.5 


4.1 


0.00 


Q.DDi 


lO.QB 


O.DO 


O.DO 


15 


D.DD 


0.00 


o.m 


6.50 


O.m 


2.25. 


D.:CO 


3.D0 


!5.'26 


0.00 


0.00 


0.00 


16 


C.OQ 


0.'&^ 


G.OO 


f.a 


11 .B 


l&.B 


IIVOO 


OJQ 


O.OQI 


1.23 


D.iOO 


O.QO 


17 


1.50 


nM 


o.m 


0.00 


O.DO 


Q.DO 


3.00 


Q.ODI 


O.m 


D.OD 


0.00 


Q.QO 


IB 


OJSO 


2.B 


1.25' 


0.00 


9.SD 


0.00 


mm 


O.m 


0-DI 


O.m 


O.DD 


19.21 


lY 


f.QQ 


14.14 


11.00 


0.00 


10.50 


IM 


7.00 


0.00 


0.00 


D.DD 


0.00 


O.QQ 


20 


0.25. 


7.;2] 


C.^E 


mm 


6.S 


G.B 


3.75 


0.01 


9.76 


0.00 


o.oc 


0,00 


21 


Q.QO 


D.90 


Q.GO 


5.S 


2.25. 


Q.OO 


0,00 


0.00 


0.31 


O.QO 


D.OO 


Q.lOO 


2 


O.OG 


O.OGi 


0.00 


fl.B 


5.50: 


1Z.25 


Q.DO 


0.00 


um 


0.00' 


O.DO 


mk* 


B 


0.00^ 


D.OO 


o.s 


O.QO 


O.QOi 


Q.Dfl 


O.DO 


14. a 


s.ao 


O.QO 


Q.ODi 


1 1 M. % 


24 


0J3 


G.OO 


C.flO 


0.00 


0.,QQ 


7.1 


0.00 


O.QO 


0.00 


0.00 


G.QQ 


mm 


S 


OJDi 


o.oe 


Q.OO 


Q.QO 


Q.eo 


D.DO 


2B.1 


Q.DO 


Q.OO 


0.00 


0.00 


K»M 


26 


C.QQI 


D.ffi 


5.00 


D.OI 


C.iOO 


0.00 


D.OO 


13.1 


3.,37 


0.00 


19.24 


IHtil 


27 


o.m 


D.,00 


Q.DO 


QJI 


D.OO 


If.l 


O.DO 


O.QO 


6.11 


12.3 


O'.DO: 


mm. 


m 


O.OQ 


0.00 


O.S 


D.OO 


0.00 


O.OOi 


7.00 


5.Cu 


0.00 


D.DD 


D.DD 


mM. 


29 


0.00 




0,D0 


D.50 


0.00 


O.m 


DJO 


D.IDO 


42.42 


0,00 


0.00 


mm 


m 


Q.DO 




0.00 


0.00 


0.00 


B.m 


0.13 


O.m 


I6.E 


D.Qfl 


O.QO 


liW 


31 


S.DQ 




O.ffl 




Q.QO 




0,.DD 


O.DO 




O.DO 




mm 


•911 


13.1 


42.72 


34.'?7' 


ffl.Sl 


.12.00 


107.1 


124.S 


'^:.50: 


'214,.a6 


57.77 


31.50 


'93.98 


aM CF,WTH.YV«IEH ^MmM 



















DaiMliv Totii PrtdiPttatiDn Stn. 1B 2 («■) 

ANNjc lOAiA mmMi- mrmt for raioo EmiNG im/12 
m. m ^ m m m m jul m ^ cct m e 



1 


0.00 


ll.ffl 


O.flO 


2.75. 


.3.S 


C.'SO 


OJD 


O.DO 


0.00 


2.90 


5.13 


0.00 


2 


0.00 


O.OD 


e.ec 


o.eo 


0.00 


0.00 


O.DO: 


7,B 


0.00 


2.D0 


O.S 


17,06 


3 


0..50I 


OJOO 


0.00 


0.00 


O.iOO 


0.00 


O.OIB 


Q.30. 


D.OO 


6.48 


1.01 


6.1. 


4 


O.QQ 


h.% 


D.OO 


i .Z'J 


0.00 


O.DO 


Oi.50 


D.OO 


D.DO 


9.16 


■3.5C 


0,00 


1 


2.03 


D.flO 


0.00 


5.97 


O.DO 


5.00 


O.QO 


6.DDi 


D.OO 


5.14 


O.OD 


QJG 


b 


lO.DO 


O.CD 


O.CG 


1.5D 


10.25 


0.00 


O.GG 


Q.51 


O.DO 


0.51 


O.OD 


0.00 


1 


G.-,DQ 


0.00 


l.S 


D.5 


o.ra 


1.50 


Di.QO 


■2B.45 


0.00 


Q.OD 


0.00 


•6.50 


a 


O.OD 


O.OQ 


0.00 


D.DO 


O.OD 


1.D2' 


0.00 


19.01 


0.00 


5.16 


2.5 


O.DO 


1 


C.OO 


0.00 


7.00. 


0.00 


' D.DG 


0.00 


O.S 


O.DO 


0.00 


0.00 


D.'SO 


31.34. 


ID 


D.QD 


D.ao 


ifl..E 


0.25 


O.QO 


2.56: 


O.OQ 


3.S 


47.69 


0.00 


D.DO 


O.GO' 


11 


Q.OD 


0.00 


COO 


1.00 


D.OO 


17.S2' 


4.Q0 


D.QD 


mm 


D.OO 


1.03 


0..0Q 


12 


D.OO 


fl.DO 


O.OD 


D.DO 


0.00 


17.50 


15.51 


O.QO 


B.S 


3.S 


O.DO 


O.DO 


13 


G.OO 


0.00 


0.75. 


0.00 


0.00 


O.'S 


6.02 


0.00 


O.S 


B.15 


0.00 


D.OO 


14 


0.00 


0.00 


O.OQ 


D.DO 


2,15 


O.OD 


3.75 


0.00 


D.DO 


8.48 


O.DO 


O.DO 


15 


D.oe 


0.00 


0.00 


hm 


0.15 


1.'75: 


Q.OD 


2.5 


16.51 


O.S 


0.00 


O.DO 


16 


0.00 


G.56 


D.OO 


9.81 


11.00 


6.50 


12.B 


0.00 


O.DO 


1.D6 


D.OO 


0.00 


17 


1.50 


0.86 


0.00 


O.DO 


0.00 


0.00 


3.23 


G.QQ 


0.00 


0.5 


O.QQi 


D.OO 


18 


D.50 


2.3 


l.S. 


0.00 


9.50 


O.iOO 


S.14 


0.00 


O.DO 


D.DO 


D.OO 


15.70 


19 


9.D0 


14.14 


11.00 


0.00 


10.02 


0.75. 


G.OO 


O.OQ 


O.QO 


D.QD 


0.00 


0.00 


20 


0.25 


7.20 


o.:qo 


n.DO 


17.00 


O.S 


5.75 


0.00 


2.9B 


O.DO 


D.OO^ 


O.QO 


Zi 


D.OO 


Q.W 


0.00 


7.5 


O.iQO 


O.DO 


Q.iC 


O.QO 


Q.IOO 


O.IOO 


2.% 


O.QO 


22 


Q.oa 


O.OG 


cm 


0.28 


2.% 


6.B 


Q.OO 


D.OO 


B.75 


D.DO 


D.DO 


ffllfflW' 


,23. 


GiJG 


O.OQ 


0.5 


0.00 


3.5Q 


0.00 


G.OO 


S.B 


4.76 


D.OO 


D.'SO 




24 


Q;,.DD 


O.Oui 


O.QO 


Q.iOO 


D.QD 


?.:03. 


Q.QOi 


0.00 


0.00 


O.IOO 


D.DO 


MM'l 


25 


0.001 


Q.QD 


G.,iOO 


O.ffl 


D.OO 


C.iDO 


2.00 


0.00 


0.36 


O.OQ 


D.DO 


im« 


2b 


D.OO 


O.OQ. 


Z.OG 


D.QD 


D.iO 


D.DO 


n.is 


6.51 


2.75 


D.76 


o:52 


y y MM 
WlfHlf 


27 


0.00 


0.00 


L% 


O.QQ 


Q.Ofl 


15.5 


Q.OOi 


O.OQ 


5.100 


10.77 


D.OO 


wirwK 


m 


DJD 


O.DO 


D.DO 


Q.OO^ 


O.DO 


O.DO 


8.'50 


3.26 


O.S 


Q.5 


D.OO' 


«»« 


21 


o.oa 




O.OQ 


O.S 


Q.DQ 


D.OO 


Q.53 


G.OO 


34.75i 


0.51 


0.00 


^m. 


m 


0.00 




D.OO 


O.QO 


01.00 


0...ffl 


O.OD 


O.OQ 


14.76 


D.OO 


O.OD 


M 'II ly y 


31 


0.00 




Q.m 




Ml 




O.OD 


O.OD 




OJDO 




M y yy 


SOI 


13.B 


4Z.72' 


33.27 


.4i.31 


TDi.l 


84.13 


|i07..6Q 


;e6.Q4 


I67.OB1 


64.1 


31.94 


m.ffl 


m wmmjmm e. 


Zf3fE+0 


2 



















'Daiiv Tata! FrfcipiiitiQin Stn. TB 3 (mi) 

■ mm. DATA mmM' 9jmi fori mim mm im/12 

m M m m m my m jll, wjg e oct iiw h 

1 COO: 11.83 Oi.OQ . 2.B 2M HM Qi.OQ 1.48 0.00 3.B I'.lOi 0.00 

2 O.iOO u.Bi 0.00 O.ffi O.DO aUD' Q.QO 5.30 0:00 2.1 D..! ZQ.tt 

3 0.50 0.00 IJ-Oi OJO 0.00 Q.QO Q.GQ 0.00 O.QQ 4.40 1.02 1Q.9B 

4 0.00 4.95 G.GQ 2.D3 0!.ODi Q.GQ O.DD 0.00 O.DO 0.00 O.feS O.DO 

5 2.0i3 0.00 O.CO 6.53 Q.QO 5.84 S.OO 5.52 0.00 6.41 O.ffl 0.00 

i O.OO S.OO Q.OD 0.59 IM O.QO O.DO 0.47 O.QQ 3.04. D.OO 0.00 

? OJO O.QQ l.S Q.2?' O.DO 0.00 O.QO B.2 D.Ofl 0.00 0.00 8.B 

3 IGG u.iQO O.OOi O.DO 0.00 4.4Z 0.00 16.58 O.DD 2.3? 3.D5i 0.00^ 

9 G.O.G O.'OO 7.0Q O.QQ O.QG. 0.00 0.23 D.?? UM O.QO 0.00 42.2 

^0 0.00 O.DD 6.02 0.00 O.DD Q.59 0.00 2.34 M..37' 0.00 D.QD D.DQ 

11 O.iO 0.00 0.00 1.4? D.OO 16.2 3.tf 0.00 ll.E 0.00 1.36 O.ffl 

IZ 0.10 iM O.DD DJDO D.m 2.'?2 14.:Z7' D.OOi :12.75 4.49 . G.IDO ' O.DO 

■ 13 0,10 0.00 O.B O.m 0.00 O.S? SM O.OQ D.OOI 11.00 0.00 O.IDQ 

14 0.00 B.QOi O.DO 0.29' 2.E O.m 3.© Q.QO Q.QO 11.46 Q.IH O.IDO 

15 D.QD D.DQ O.DO 7.95 0.59 1,47 0,1 1,19 D.OO O.DO D.OO 0.00 

% O.DD 0.56. D.ll 10.31 11.48 5.9B 2.%' O.DO D.OO 1.44 D.OO O.DO 

17 l.SQ 0.66. DJDO 0..! 0..ffl 0.00 1.76 0.00' COOi O.ODi„ 0.00_.Q.QO.. 

IB D.50 2.23. 1.25. O.ffl ll.Dl D.OO 12.65 B.OO 0.66 Q.OO . O.DD 21.22 

19 9.00^ 14:14 11.00 0.00 ?.2 0.6? Q.OOl D.OO 0.00 D.DQ D..DD 0.00 

'.. m D.S IM O.OD 17.04. 15..64. 0..a i.ffi 0.100^ 3.47 10.00 0.00 O.DO 

1 D...OD D.9Q 0.00 7.36 . i.DQ O.IDQ D.OO O.m 0,00 0.00 Q.OO D.DQ 

22 Q.OD OJO D...1 0.1 2..54 6.21 0.00 O.DOi 13...B O.DOl 0.00 vm 

, B D.OO O.'DO O.S Q.m 3.2 D.m 0,00 11.19 O.DO Q.OO D.OO *m 

24 ■ 0.00 D.'DO Q.lOO O.DO DJDO 6.47 O.QQ O.QQ D.DQ Q.OO 0.00. mm 

S 0.00 D.OO O.DO O.m O.OOi 0,00 34.77 O.DO 0.00 Q.OO: Q.OO tm 

a 0.00 e.DOi z.no ^.m urn o.oo 2.% 12.06 i.tz d.qd 21 .a »w 

27 O.Du O.QQ l.B' O.ffl O.OG ■l4.42 O.DO 0..59 2.16 13.86 0.00 mm 

m 0.00 o.m G..ro o.ooi o.oo o.oq 4..4z z.o? o.oa Ol d..do mm 

V 0.00 UM o.ffl DjOO' 0..00' D.OQ ■ 0.00 lAM OJOO O.OOi mm 

30 O.DO Q.OO D.DO UM 0.DD 0,00 D.QD W.% O.ffl O.DO mu 

31 0.00' 0.00 ID.OOI O.ffl O.ffl _ O.ffli mm 
m 13.18 42.72 B.Z? a.W itt.DB a.41 114.04 W.li 177.07 64.56 34.© 1103.96 

Hi, lOF noffltY ^muB BMsmm 



M 



(kibAyeraif Uiird'Spfidfii/sl 

mm. DATA DiffiAY: smm for mm bding iwm 
m m m. mi i*i ji «jg^ ep oct 



NOV DEC 



1 


5..B 


3.1 


6.4 


6,6 


4.0 


5.1 


2.1 


2.3 


2.9 


3.5 


6.0 


2.5 


2 


3.9 


2.6 


3.4 


3.6 


4.5 


1.9 


1.3 


1.8 


1.3 


2.2 


3.5 


1.1 


3 


1.6 


4.9 


3,8 


5.2 


2.9 


2.3 


Lff 


0.6 


3.3 


LI 


1.4 


0.7 


4 


3.01 


2.7 


5.5 


2.9 


2.2 


1.3 


3.4 


0.9 


3.2 


2,9 


3.5 


0.7 


S 


4.6 


4.4 


0.2 


3.4 


4,2 


1.4 


3.2 


Z.8 


3.5 


6,2 


5.6 


1.1 


h 


3.6 


Z.2 


0.2 


10,3 


2,4 


1.5 


3.5 


4.6 


2.8 


3.2 


2.3 


1.B 


1 


5.5 


2.7 


3.2 


3.2 


3,1 


1.5 


2.4 


3.Q 


1.4 


2.9 


3.6 


4.0 


a 


3.3 


B.O 


5.3 


3.0 


2.0 


1.6 


1,5 


1.1 


1.4 


3.6 


3.5 


2,5 


9 


0.8 


3.1 


2.5 


3.0 


4.1 


4.5 


1.9 


1.3- 


1.4 


3.2 


2.1 


1.1 


ID 


3.e 


1.8 


2.7 


6.5 


4.6 


2.2 


1.7 


2.7 


2.2 


2.6 


3.6 


0.7 


11 


4.6 


5.6 


1.9 


3.0 


3.1 


1,9 


1.7 


1.6 


2,0 


1.0 


4.7 


D.6 


12 


3.7 


9.3 


6.1 


1.5 


4.5 


2.3 


1.3 


2.3 


2.2 


2.4 


2.7 


2.2 


13 


3.4 


5.1 


2.7 


5.2 


3.5 


3,3 


2.e 


2.2 


i.e 


2.7 


1.6 


1.5 


14 


4.5 


6.0 


4.6 


3.0 


2.1 


2.6 


3.6 


1.9 


1.1 


0.9 


2.4 


S.f 


15 


2.5 


5.0 


3.9 


3.1 


3.0 


2,i 


2.3 


1.6 


0.7 


3.1 


2.5 


7.1 


1^ 


2.7 


6.0 


4.7 


4.1 


2.9 


1.5 


1.7 


1.1 


1.0 


2.1 


5.1 


4.6 


17 


4.4 


7.3 


5.0 


2.3 


3.0 


3.2 


1.1 


1.2 


1.7 


1.4 


2.5 


5.1 


18 


3.B 


6.3 


2,7 


4.4 


2.6 


4.5 


1.6 


Z.7 


1.9 


2,9 


5.1 


5.2. 


19 


6,2 


6.6 


3.9 


2.0 


5.2 


3.4 


2.8 


2.6 


1.7 


3.1 


5.2 


4.5 


m 


10.5 


3J 


3.1 


2.5 


4.7 


1.9 


1.7 


1.8 


3.1 


3.2 


3,6 


1.3 


m 


6.7 


4.6 


2.3 


2.5 


2.1 


2.5 


1.9 


1.2 


2.4 


3.1 


l.B 


4.5 


m 


7.5 


5.8 


3.7 


2.9 


1.6 


4.9 


2.6 


1.1 


1.9 


3.2 


2.4 


5,8 


m . 


6.7 


3.5 


4.3 


2,2 


2.4 


5.1 


1.4 


0.8 


2. 1 


2.3 


2.5 


5,3 


m 


4.9 


5.3 


5.1 


2.4 


1.2 


2.5 


2.1 


2.2 


3.6 


3,0 


5.1 


3.9 


M 


4.4 


2.3 


2.1 


3.8 


2.3 


1.8 


4.f 


2.1 


1.4 


3.2 


5.2 


4,9 


m 


4.,? 


4.D 


2.5 


3.0 


2.D 


1.7 


2.6 


2.7 


3.6 


3.1 


3.6 


5,5 


w 


6.4 


4,3 


4.6 


1.9 


2.7 


2.4 


1.7 


2.B 


2.7 


3.2 


0.7 


7.4 


» 


4.4 


6.1 


3.4 


2.4 


3,6 


2.7 


2.7 


2.3 


2,8 


2.3 


1.1 


6.J 


m 


2.3 




3.5 


1.4 


1.9 


1.6 


2.5 


1,6 


1.9 


2.1 


1.8 


6.3 


1 


M' 




4.6 


2.4 


3.7 


2.6 


1.5 


l.f 


2.3 


3.0 


4.0 


5.6 


i. 


11: 




3.4 




6,i0i 




U 


IJ 




5.1 




4.3 



Oiilv,AyfripUind&eed{i/sl 

mm. DATA mmM- swmi for pb?ico bcinj im/12 



OAY 



m m m m mt iw jul ,«jg, sep oct nw dec 



1 


4.2 


2.7 


2.B 


4.2 


5.9 


4.2 


1.6 


l.Z 


1.1 


1.7 


3.4 


6.1 


2 


l.B 


3.1 


2.5 


2.5 


4.4 


3.6 


2.0 


1.7 


0.6 


1.1 


1.7 


3.8 


3 


2.7 


2.8 


Q.B 


4.2 


3.5 


1.6 


1.9 


1.4 


1.3 


2.5 


3.7 


4.9 


4 


2.3 


3.9 


1.6 


5.0 


5.0 


2.9 


4.4 


2.0 


3.7 


l.B 


2.5 


6.7 


5 


4.1 


1.0 


2.2 


5.1 


5.4 


3.2 


3.6 


l.B 


2.3 


3.1 


2,9 


4.6 


h 


5.6 


5.2 


4.5 


3J 


4.5 


4.9 


3.2 


1,4 


1.7 


3.2 


1.4 


5.4 


7 


1.7 


8.1 


6.5 


4.1 


3.6 


2.5 


2.5 


0.9 


1.7 


3.6 


0.9 


3.4 


6 


3.B 


1.3 


3.0 


4.5 


3.6 


3.0 


1.2 


2.3 


2.6 


3.4 


3.3 


4.7 


? 


fl.f 


3.0 


3.1 


3.9 


■4.0 


1.5 


1.6 


2.6 


2.4 


3.3 


7.4 


2.9 


10 


4.0 


2.7 


4.7 


3.8 


1.6 


2.0 


1.0 


i.e 


2.4 


3.1 


2.8 


6.5 


11 


5.B 


1.7 


4.5 


3.2 


2.1 


2.5 


2,6 


2.5 


S.2 


2.1 


2.4 


5.1 


12 


U 


2.7 


4.4 


l.B 


5.0 


4.1 


2.5 


1.1 


3.6 


2.4 


4.9 


4.5 


13 


3.4 


4.9 


2.8 


1.6 


3.7 


3,0 


3.4 


1.1 


2.4 


2.1 


3.9 


1.8 


U 


i.B 


3.2 


1.7 


3.3 


1.3 


0.9 


2.2 


1.7 


1.6 


4.5 


5.9 


5.9 


15 


2.i 


3.5 


2.B 


2.3 


3.9 


2.0 


1.1 


3.2 


2.2 


3.1 


3.9 


2.6 


16 


1.7 


2.6 


2.2 


3.6 


4.8 


4.6 


0.9 


1.4 


l.B 


2.1 


3.0 


Q.B 


17 


5.9 


3.7 


1.2 


4.2 


2.1 


2.5 


L5 


1.3 


1.3 


1.8 


3.DI 


1,2 


IB 


3.7 


0.5 


1.7 


2.2 


3.4 


2.0 


2.1 


2.5 


0.9 


0.7 


3.3 


3.4 


19 


3.0' 


1.4 


6.5 


3J 


4.6 


2.6 


i.9 


2.1 


1.5 


1.5 


2.9 


3.9 


20 


5.2 


1.7 


3.5 


2.2 


2.2 


1.B 


2.01 


1.8 


1.1 


2.7 


4.5. 


1.4 


21 


2.2 


4.2 


3.4 


3.9 


2.3 


1.9 


1.6 


1.2 


1.7 


2.2 


2.3 


1.3 


22 


4.6 


3.7 


6.2 


3.3 


0.9 


3.9 


DI.5 


1.9 


2.3 


2.4 


2.6 


MM "a 


Z3 


1.2 


3.9 


5.7 


2.3 


1.4 


3.4 


1.0 


3.5 


2.3 


2.6 


3.2 


M' 


24 


2.6 


1.5 


2.9 


2.3 


1.2 


3.0 


1.6 


2.5 


1.5 


2.2 


4.7 


MMM. 
wWm 


2S 


6.4 


2.1 


4.8 


1.3 


1.4 


1.7 


2.4 


1.3 


1.2 


3.1 


2.7 


mt 


Z£> 


2.3 


2.3 


5.B 


1,6 


2.3 


3.3 


1.6 


3.6 


1.7 


2.5 


3.1 


ill HA 


27 


5.5 


3.4 


2.9 


1.9 


1.5 


3.3 


Q.f 


3.0 


3.S 


2.0 


^2 


m 


2B 


6.0 


3.D 


1,6 


2.5 


1.9 


LB 


2.0 


2.0 


2.0 


3.2 


b.D 


MMM 
«11 


29 


1.5 




5,7 


3.7 


2.2 


2.6 


1.7 


1.6 


2.6 


3.9 


2.1 


MMM 

WKm 


H 


4J 




5.2 


3,1 


3.2 


1,4 


2.0 


1.6 


3.0 


2.0 


3.6 


MMM 
Wmm 


1 


m 




2.1 




2.3 




1.4 


0.6 




1.9 




mt 



Oailv Toital SQilar Raidiatiian (langiiltys) 

mK iDAW miMi Bwmx for reiiod mm imnz 

m M m m m mt' M iL m m lOci m oec 



1 


6.0 


140.0 


m.Q 


116.0 


341.0 


597.0 


360.0 


954.0 


416.0 


270.0 


198.0 


34.0 


2 


sz.o 


150.0 


274.0 


M.D 


539.0 


S76.D 


296.0 


62.0 


510.0 


OT.0 


46.0 


36.0 


3 


i4ajo 


ZlJO 


316.0 


06.0 


610.0 


,656.0 


660.0 


3^.0 


».Q 


12.0 


17.0 


S2.D 


4 


178JD 


260.0 


a.o 


234.0 


3E.D 


610.0 


578.0 


561.0 


141.0 


276.0 


24.0 


79.0 


5 


130.0 


146.0 


222.0 


168.0 


246.0 


442.0 


448.0 


343.0 


252.0 


58.0 


7B.0 


«.o 


i 


IJI 


194.D 


392.Q 


12.01 


IIJ 


671.0 


^362.0 


.aa.Di. 


11.0 


22DI.Q 


51.0 


1JD4..0 


7 


12.0 


a.o 


ra.l 


448.01 


571.0 


596.0 


442.0 


362.0 


WM 


279.0 


2.0 


76.0 


B 


nu 


MM 


:275.0 


4D4..0 


M2.D 


.606.0 


391.0 


5B.D 


m.n 


121.0 


136.0 


34.0 


9 


112.D. 


m,o 


4E.0 


442.0 


5701.0 


mi 


571.0 


565.0 


192.0 


131.0 


12.0 


36.0 


1 


ffi.O 


ao.o 


392.0 


374.0 


M:.0 


bbbM 


601.0 


444.0 


107.0 


44.0 


16.0 


S2.D 


U 


la.o 


94.0 


IB.C 


472,0 


Sffi.O 


114.0 


155.0 


587.0 


441.0 


2BQ.0 


49.0 


16,0 


12 


1.0 


72.0 


132.C 


1DB.D 


524.0 


534.0 


■seo.D 


511.0 


342.0 


K.O 


47.0 


n.n 


13 


176.0 


IIJO.O 


200.0 


392.0 


154.0 


442.0 


sao.o 


417.0 


397.0 


137.0 


40.0 


8G.0 


14 


la.D 


2B6.0I 


^9,0 


428.0 


^4.0 


638.0 


3ffi.D 


S.Q 


446.0 


148.0 


15.0 


134.D 


15 


IIQJI 


m.M 


366.0 


492.0 


164.0 


31.Q 


m.n 


104.0 


441.0 


m.o 


181.0 


79.0 


16 


IM.O' 


24.0 


39 .0 


542.0 


MM 


238.0 


566.0 


IK.O 


tt9.D 


205.0 


a.o 


84.0 


17 


106.0 


246.0 


7 .D 


4^.0 


m.n 


314.0 


617.0 


577.0 


m.o 


36.0 


181.0 


119.0 


IB 


m.o 


m.D 


4:^.0 


400.0 


474.0 


435.0 


650.Q 


m.n 


253.0 


211.0 


23.0 


m.D 


1? 


IS.ID 


29B.0 


3 4.0 


210.0 


601.0 


ISOOI.O 


315.0 


4f5.fl 


407.0 


211.0 


SJQ 


152.0 


20 


126J 


300.0 


iia.o 


444. Q 


3oe.o 


mM 


569.0 


a9.o 


411.0 


288.0 


49.0 


116.0 


21 


154.11 


26.1 


MJ 


4ffi.O 


ffi6.0 


64Q.0 


.384.0 


308.0 


140.0 


272.0 


15.0 


1M..0 


n 


m,o 


ffi.D 


M.i 


468.0 


574J 


274.0 


'66QI.D 


349.0 


S7.D 


S6.D 


181.0 


56.0 


23 


114.0 


'56.0 


126.0 


416.i 


644.0 


640.0 


643.0 


4D1.0 


302.0 


280.0 


23J0 


78.0 


24 


124.0 


eo.o 


168.0 


ffli.O 


mi 


695.0 


617.0 


mi 


418.0 


211,0 


181. 


12.0 


25' 


m.Q 


liSi.o 


494.0 


312.0 


570.0 


670.0 


576..D 


370.0 


3B7.0 


m.D 


23.0 


188.0 


2h 


Ml 


164.0 


,464.0 


.393jO 


22.0 


696.0 


509.0 


265.0 


fi.O 


272.0 


a.o 


144.0 


2? 


112.0 


mi 


2D0.0 


S8.0 


210.0 


6B6.0 


604.0 


409.0 


:36a.O 


256.0 


79.0 


.18.1 


m 


156.0 


438.0 


IIIJ 


4iDJ 


762.0 


646.0 


51i,Q 


3B0.0 


400.0 


ffl3,0 


.46.0 


154.1J 


m 


1M.0 




22.0 


5ffi.i 


6ffl.O 


442.0 


SE.0 


ffi.O 


:3Bf?.0 


251.0 


104.0 


112,0 


m 


M.O 




314J 


IBLIl 


.4eo.o 


6S.0 


489.0 


127.0 


244.0 


I2B.0 


16.0 


112.D 


31 


136JD 




2.0 




MM 




107.0 


^4.0 




218.0 




a.o 


gn 


iffl.D 


56%,D 


6686.0 114IE.0 1IB1.0 16245.0 15497.0 12493.0 


973.0 


671.0 


im.ii 


mhM 



Di i I V Tiota II So lar Rad iat i m i lang I lyi ) 
mm, DATA Dl^ilY^ SUnWY ¥m raiOO OCiNG im/12 

DAY M m m. m mt m .jil m sp oct nw dk 



1 


134.0 


40i,0 


.400.0 


394.0 


374.0 


478.0 


477.0 


.45e,.o 


414.0 


164.0 


12.0 


98.0 


2 


m.D 


103.0 


276.0 


506.1 


■H6.Q 


690.0 


S,D 


3ffi.O 


478,0 


266.0 


160I.D 


24.0 


3 


63.0 


IIO.O 


248.0 


452.0 


■537.0 


680.0 


658.0 


544.0 


■407.0 


29.0 


142.0 


26.0 


4 


85.0 


6B.0 


191.0 


Z78.0 


m.n 


664.0 


4^,0 


484.0 


238,0 


40.D 


215.0 


■90i.O 


5 


1401.0 


iBO.0 


297.0 


901.0 


4M.Q 


77.0 


43fl.fl 


342.0 


mM 


284.0 


15.0 


BQi.O 


1^ 


1&2.0 


m.o 


2QB.0 


52.0 


17.0 


363.0 


633.0 


325.0 


361.0 


Z7DI.Q 


218.0 


56.0 


7 


».D 


m.o 


2?6.0 


336.0 


611.0 


211.0 


548.0 


201.0 


406.0 


344.0 


34.0 


38.0 


e 


m.o 


174.D 


3B6.0 


34.0 


618.0 


642.0 


196.0 


3Q0.D 


464.0 


102.D 


36.0 


76.0 


1 


160.0 


150.0 


15I.D 


170.0 


387.0 


694.0 


51.0 


434.0 


442.0 


242.0 


206,0 


24.0 


ID 


B2JD 


253.0 


116.0 


liO.O 


628.0 


404.0 


474.0 


MM 


18.0 


292.0 


144.0 


104.0 


11 


110.0 


302.0 


m.n 


18,7.0 


618.0 


m.n 


163.0 


460.0 


mM 


266.0 


52.0 


124.0 


12 


110.0 


291.0 


154.0 


3DB.0 


604.0 


MM 


176.0 


mM 


142,0 


150.0 


128.0 


130.D 


13 


IfflJ 


214.0 


46.0 


S04.Q 


52D.D 


318.0 


5^.0 


'508,1 


^.0 


12.0 


144.0 


'148.0 


14 


134.J 


169.0 


136.0 


494.0 


12.0 


36.0 


569.0 


2^.0 


412.D 


7B.0 


200.0 


'96,0 


15 


134.1 


56.0 


60.0 


78.0 


518.1 


262.0 


618.0 


35QI.0 


177.0 


I46J0 


54.0 


'54,0 


14 


la.o 


lli.O 


126J 


^J 


1,3BJ 


377.0 


aa.D 


449.0 


336.B 


98.0 


52.0 


106.0 


17 


m.o 


136.0 


2E.Q 


516.B 


53DJ 


682.0 


416.0 


512.0 


369.0 


aojo 


m.o 


M.O 


IB 


33.0 


136.0 


230.0 


562.0 


190,0 


692.0 


56B.0 


546.0 


13QI.I 


307.D 


57.0 


MM 


If 


24.0 


156.0 


1B4.0 


464.0 


104.0 


126.0 


499.0 


512.0 


MM 


'280.0 


MM 


30.0 


2D 


56.0 


110.0 


444..0 


144.0 


B6.0 


586.0 


532.0 


447.0 


46.0 


Z77.0 


24.0 


Bl.p 


21 


80.0 


304.0 


444.0 


122,0 


142.0 


689.0 


mM 


MM 


17B.0 


218.0 


lffi.0 


IfflJ 


22 


4I..0 


294.0 


418.0 


224.0 


aa.o 


4901.0 


mi 


497.0 


m.o 


196.0 


168.0 




S 


1S2.0 


mM 


4B.0 


56B.0 


212.0 


674.0 


547.0 


134.0 


127,0 


B4.D 


116.D 


UMMM 
Jtnnn 


24 


132.0 


MM 


44a.Q 


576.0 


426.0 


:361,D 


615.0 


531.0 


'366.0 


250.0 


30.0 


'mm 


25 


%M 


383.0 


356.0 


538,0 


630.0 


639,0 


3E.0 


314.0 


116.0 


m.D 


IM.D 


wm 


% 


147.1 


mi 


28.0 


IffiJ 


566.0 


5CB.0 


421.Q 


254.0 


m.D 


37.0 


6.0 


'Mm 


27 


lai.o 


390.0 


68.0 


570.0 


220.0 


21.0 


47B.0 


369.0 


96.0 


42.0 


160.D 


WW 

WWWm' 


m 


IfO.Q 


:Z7Di.O 


412.0 


S8.0 


620.0 


564.0 


m.o 


3B.0 


192.0 


22B.0 


42.0 


mm 


3' 


m.o 




m.D 


129.0 


644.0 


638.0 


3SZ.0 


474.0 


121.0 


U.Q 


72.0 


MVVU 

lii"ini 


3D 


Z2.0 




43Q.0 


150.0 


632.0 


SB.0 


5^.0 


484.D 


44.0 


1B6.Q 


150.0 


MM 


31 


244.0 




46B.0 




546,D 




440.0 


446.0 




'244.0 




KLUUM 

n KWM 


an 


3TO.D 


5611.0 


8439.0 10Z42.0 13406.0 14218.0 14563.0 124ffi.D 


736B.0 


5496.0 


561.0 


mwm 



Diilv ^figf Air Tfuperature (C) 

mm. DAIA DI^LAYi SLffWY FOR PKIQD BCIING' :i»/l2 

mt M m^ m m mi m iL m m ioct m dec 



1 


-0.7 


-11. 


1.2 


-1.6 


f.a 


14.1 


17.4 


16.3 


14.5 


6.6 


8.0 


-1.1 


2 


-4.4 


-13.7 


-3.B 


-2.1 


10.0 


16.3 


17.B 


16.5 


17,6 


6.1 


6.7 


-0.3 


3 


4.1 


-15.6 


4.6 


i.l 


f.6 


11.9 


1B.3 


17.6 


20.1 


7.5 


6.0 


-1.6 


4 


^.3 


-14.9 


•^.2 


2.7 


9.9 


12.2 


11.6 


18.6 


21.7 


10.1 


7.1 


-3.0 


5 


-4.5 


-10.2 


-5.5 


1.8 


14.5 


14.5 


19.5 


18.9 


21.6 


7.4 


6.1 


-2.6 


6 


=1.1 


-9.6 


-«.6 


1.3 


ll.B 


13.3 


17.3 


19.5 


21.7 


5.7 


4.D 


-2.0 


7 


-3.4 


-12.6 


-2.0 


1.0 


9.7 


14.6 


14.3 


20.1 


2.9 


7.8 


4.3 


-3.0 


a 


-12.4 


-ll.B 


2.5 


-3.1 


6.5 


18.5 


19.1 


21.4 


21.1 


12.0 


2.5 


-2.5 


9 


-12.9 


-9.3 


-0.9 


-6.7 


11.7 


19.4 


19.6 


a.9 


19.6 


12.6 


2.3 


-1.1 


10 


-10.5 


-7.5 


1.6 


-0.4 


19.0 


14.3 


17.5 


ffl.D 


14.1 


9.7 


-6.1 


-0.3 


11 


-B.4 


-3.3 


3.3 


4.1 


16.6 


9.3 


15.5 


15.6 


9.8 


5.8 


-3.0 


-1.6 


12 


-1.2 


-0.1 


Di.5 


3.2 


19.6 


9.5 


16.5 


15.2 


7.8 


5.7 


3.1 


-3.0 


13 


-12.2 


-2.0' 


-1.1 


3.B 


16.6 


8.7 


19.6 


ai,o 


8.5 


12.8 


5.1 


4.5 


14 


-4.B 


-iJ, 


0.1 


10.5 


15.6 


11.9 


2.7 


a.6 


10.6 


10.2 


1.5 


-11.4 


15 


-12.3 


-9.7 


-4.6 


13.7 


12.6 


13.6 


19.8 


17.7 


11.2 


9.9 


-01.4 


-9.0 


Ih 


-1D.3 


-9.7 


-0.4 


7.7 


13.9 


14.4 


15.6 


17.4 


11.6 


4.9 


-01.6 


-6.7 


17 


-6.1. 


-3.6 


-7.4 


1.3 


10.4 


14.7 


16.6 


18.2 


13:9 


5.3 


l.B 


-13.2 


11 


4.2 


-3.9 


-fl.l 


13.1 


6,7 


13.B 


16.1 


19.6 


16.2 


12.3 


4,9 


-14.5 


W 


-9.9 


-7.2 


-0.5 


13.9 


11.5 


12.6 


19.7 


15.1 


19.9 


12.4 


13.3 


-12.3 


ZD 


-18.5 


-5.4 


-1.4 


12.7 


14.5 


14.0 


^.0 


13.6 


19.0 


6.4 


1.7 


-11.0 


21 


-II..5 


-1.1 


-3.6 


17.5 


9.0 


17.3 


17.7 


14.6 


14.2 


9.1 


1.5 


-10.7 


22 


-5.1 


2.9 


^l.4 


a.4 


10.4 


18.3 


14.5 


15.0 


16.3 


6.6 


-0.4 


-7.4 


23 


4.3 


4.1 


0.7 


19.9 


14.5 


19.0 


14.2 


15.7 


16.8 


2.3 


5.2 


-2.6 


24 


-4.6 


3.4 


-0.8 


15.1 


16.6 


14.1 


17.6 


16.0 


11.7 


12.4 


5.8 


■6.3 


S 


-6.3 


-0.1 


-3.5 


12.3 


17.6 


14.3 


S.6 


1B.6 


10.2 


1.4 


1.7 


-15.4 


26 


-11.7 


11.3 


^.5 


10.2 


14.6 


14.2 


16.6 


17.2 


12.1 


9.1 


-3.0 


-15.0 


27' 


-6.1 


-7,6 


7.1 


6.6 


14.7 


16.3 


17.4 


17.3 


10.3 


1.6 


-2.6 


■6.5 


m 


4.4 


-5.4 


"■ 7.3 


6.7 


12.7 


17.7 


16.4 


17.7 


11.6 


2.3 


-2.L 


-n.i 


29 


'-7.I 




3.6 


10.0 


11.6 


17.4 


3,9 


16.6 


13.2 


1.7 


-3.0 


-fl.3 


1 


-7.5 




-fl.2 


14.0 


14.7 


16.1 


17.6 


16.0 


14.5 


3.4 


-2.5 


-6.2 


m 


-5.9 




-1.2 




17.9 




14.9 


13.6 




5.3 




-2.6 


i 


-7.7 


4.2 


-1.2 


7.3 


13.1 


14.6 


16.0 


17.4 


15.2 


e.Q 


2.6 


4.8 
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Daily Avfrage Air Teipiraturt IC) 







MM. DATA DigPLAY= SUWRY Fd PKliOO' Mil'NS 1%6/12' 








!iif 


M 


FEB 


m 


m 


my 


M 


^JH 


m 


SE> 


OCT 


■NOV 


db: 


1 


-11 


-6,7 


-6,4 


11.2 


11.4 


23.6 


15.1 


19.4 


15,3 


12.5 


9.1 


-4.7 


t 


-4.8 


-3.4 


-1.6 


4.7 


2.6 


m4 


16.5 


16.4 


16.2 


12.6 


2.8 


-1.4 


1 


-3.f 


-3.2 


1.0 


5.4 


4.0 


12.5 


12.9 


15.7 


16.0 


15.0 


3.3 


-1.0 


4 


-7.5 


-Z.Z 


0.0 


4.1 


9.9 


18.5 


15.7 


16.6 


1B.6 


10,8 


2.0 


-4.3 


i 


-7.6 


-1.5 


-0.1 


2.6 


18.0 


15.6 


22.1 


17.6 


15.6 


6.0 


2.6 


-4..5 


h 


-1D:.6 


^.7 


-3.B 


B.B 


19.1 


14.8 


a.9 


19.1 


11.2 


5.0 


4.5 


-3.3 


7 


-13.2 


■fl.lD 


-15.4 


6.6 


14.6 


18.6 


2.6 


17.7 


7.6 


7.3 


5.2 


-2.7 


B 


-13.1 


-e.Q 


-13.8 


3.5 


13.1 


19.3 


19.2 


17.7 


10.4 


11.5 


9.5 


-6.6 


9 


4.1 


-6.1 


-2.8 


■0^2 


11.2 


15,6 


17.8 


17.6 


12.6 


4.7 


3.2 


-3.1 


10 


-3.6 


-IZ.B 


4.6 


-2.0 


14.1 


19.1 


i6.a 


17.3 


15.3 


2,6 


-2.7 


-7.0 


1 


-3.0 


-IZ.B 


-2.2 


-1.4 


15.1 


20.2 


13.9 


13.4 


16.1 


7.5 


-1.7 


-7.1 
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-2.7 
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lB.i 


14.6 
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B 
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-13.6 
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15.7 
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-9.4 
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14 


-15.2 


-9.0 


1.6 


7.6 


14.6 


15.8 


16.3 


17.5 


8.0 


6.7 


-7.6 


-6.1 
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44.7 


-10.4 
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6.3 


17,2 


16.5 


17.7 


21.2 


6.1 
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-1.4 


-1.5 


m 


-4.8 


-B.7 


-0.6 


4.9 


18.1 


17.5 


17.6 


20.4 


6.8 


4.3 


-0.9 


-1.4 
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-0.4 
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16.9 
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-0.9 
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www. 
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APPENDIX F 
SOILS AND SEDIMENT DATA 



TABLE Fl 



ATRAZINE SOIL MOISTURE/TEMP. DATA 8%-86 



PI 



m 



P3 









Moist.* 


Temp. 


Moist. 


Temp. 


198^; 






,,., 








Nov. 


12 


.3 


8.8 


. 


9.^ 


■m. 






1 


9.3 




9.6 






Jf 


'i 


9.3 

9,^ 


- 


9A 
9.5 


- 




30 




7.8 
9.3 


■#. 


9.7 
9.8 


•«B 


Dec. 


12 




9.3 
9.3 


- 


9.3 
9.5 


-■•*; 




21 




7,8 
9.0 


- 


9.^ 
9,6 


■mtt. 


1983s 














Apr, 


22 




9.8 
9.5 


^ 


9.5 
9.6 


i« 


May 


2 




9.5 
9.8 


- 


9.7 
9.8 


- 




16 




9.3 
9.8 


- 


6.5 
9.5 


wt 




22 




9.^ 
9.8 


- 


%.3 
9.6 


»m 




28 




9.7 
9J 


^ 


#.2 
9.7 


m' 



Moist. 





MS 




TB-3 


Moist. 


Temp. 


Moist. 


Temp. 


9.5 
9.5 


* 


9.1 
9.5 


- 


9.6 
9.6 


.tt. 


9.0 
8.8 


- 


9.5 
9A 




8.9 
8.8 


- 


9A 
9.3 


* 


9.3 
9.2 


■ 


9.# 
9.6 


• 


9.5 

9.5 


- 


9.6 
9.8 


SB- 


9.4 
9.5 


- 


9.5 
9.8 


- 


9.5 
9A 


- 


9.0 
9.5 


m, 


9.6 
5.3 


- 


7.n 
9.7 


- 


8.8 
3.5 


-1*- 


7.5 
9.5 


' 


7.3 
2.9 


- 



TABLE Fl 






ATRAZINE SOIL yOISTURE/TEMP. 


DATA 84-S6 
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Pi 


Pi 






P3 






m ' 


TB 


-3 




Moist.* Temp. 


Moist. 


Temp. 


Moist. 




Temp. 


Moist, 


Temp. 


Moist. 


Temp. 




UQ 


ue 


June 


1 


J 
1 


9.7 

9.7 


9.6 


*!■■ 








7,5 
9.5 


- 


6.6 
2.5 


- 




i 


1 


9.5 19.0 
10.0 


2.6 
9.7 


17.0 








6.5 
9.5 


19.5 


4.8 
1.5 


19,0 




2% 


.3 
1 


9.6 23.0 
9.7 


S,4 


19.0 








9.7 
9.7 


16.8 


3.6 
9,2 


19.7 


July 


% 


S 
1 


9.7 21.0 
9.2 


5.3 
8.8 


17.5 


installed 




til 


20.0 
9.6 


3.0 


19.3 
2.5 


■ 




19 


.3 
1 


9.2 23.5 
9.8 


9.2 
9.2 


20.0 


9.5 
9.7 




20.8 


9.8 
9.7 


- 


2.5 
1.2 


21. a 


Aug. 


5 


1 


4.0 
9.6 


3.7 
9.2 


:«ii 


4.5 
9.5 




«>«j 


6,6 

8,4 


- 


0.9 
0.3 


- 




17 


.3 

1 


6.2 17.8 
9.8 


1.8 


21.1 


3.6 
8.S 




17.S 


S.4 
S.6 


15.6 


0.2 
0.5 


16.7 


Sept. 


2 


.1 
1 


9.5 25.6 
9.8 


9A 
9.0 


21.7 


9.5 
9.S 




20.0 


9.8 
6,9 


16.1 


0.8 
9.8 


17.8 




25 


.3 
1 


9,5 15.0 
9,8 


8.0 
9.8 


15.5 


8.5 
9.5 




14.4 


8.8 
9.5 


11.0 


2.3 
5,& 


12.2 


Oct, 


30 


.3 

1 


9.3 8.6 
9.5 


9.0 
9.3 


7.7 


9.5 
9.8 




i»f 


9.3 

9.8 


3.5 


9.3 
9.0 


5.0 


Nov. 


1^ 


.3 

1 


9.5 ^A 
9.8 


9.2 
9.5 


5.0 


9.8 

10.0 




M : 


9.3 
9.5 


5.0 


9.4 


4,4 


Dec. 


10 


.3 

1 


9.3 0.5 
9.5 


9.0 
9.8 


2,2 


9.0 
9.5 




1.4 


9.3 
9.5 


1.0 


9.5 
9.3 


Li 


■ 1 


HP 


^^ 


— ,^ ^ 


^ ^1 


11^^ 


■■ MB 


m 


■ Hi 


,^; 


^ ,|^, 


iMi 


HB ■ 



TABLE Ft 



ATRA2INE SOIL MOISTURE/TEMP. DATA mSS 



Time 



Deptli 



PI 



1986 - SOIL MOISTURE/TEMP, 

P2 P3 



N3 



TB-3 





10 


14!30 


V 


Moist.* 

9.25 
9.00 


Teimp. 


Moist. 

-m: 


Temp, 


Moist. 

Ml 


Temp. 


Moist. 


Temp. 


Moist. 


Temp, 


1986: 

March 


l.l^C 


i«i 




March 


24 


13:30 


1' 

3' 


8.75 
9.50 


-0.5 


- im 


!*•; 


9.00 
9.25 


-l.i 


8.75 

9.00 


0.0 


9.50 
9,00 


-1.1 


April 


S 


l%s30 


V 

y 


9,25 
9.75 


7.8 


9.50 
9.50 


5.6 


9.25 
9.25 


4.4 


9.00 
9.00 


5.0 


9.50 
9,25 


5.0 


April 


17 


13:00 


V 
y 


9.50 
9.50 


11.1 


9.25 
9.40 


a.9 


9.25 
9.50 


5.6 • 


9.30 
9.75 


8.9 


9.25 

9.00 


6,7 


May 


1 


12s30 




9.#0 
9.50 


14.4 


9.25 
9.50 


11.1 


9.25 
9.50 


10.0 


9,25 
9.30 


10.0 


9,50 
9.50 


, 11.1 


May 


13 


iim 




9,00 
9.50 


20,0 


7.50 
9,75 


16.7 


5.00 
9.50 


15.6 


8.25 
9,25 


10.6 


9.00 
7,73 


14.4 


May 


20 


13:00 


1» 
3' 


9.75 
9.75 


13.3 


9.25 
9.25 


13.3 


- 


^:., 


9.50 
9.25 


12.2 


9.40 
9.25 


12.2 


May 


21 


mm 


1" 

y 


9.75 
9.50 


11.7 


9.30 
9.50 


11.7 


9,50 
9.75 


11.1 


9.50 
9.50 


ll.i 


9.50 
9.50 


12.2 


June 


5 


13:15 


1* 

y 


9.25 
9.75 


16.1 


6,00 
9,75 


15.6 


4.50 
9.80 


15.6 


7.00 
9.70 


14.4 


9.50 
5.25 


14.4 


June 


m 


13:00 


1' 
y 


9,50 
9.75 


20.0 


6J5 
9.20 


17,8 


8.00 
9.75 


15.6 


9.75 
9,75 


15.6 


7.25 
2.50 


15.6 


Aug. 


7 


14:00 


y 


:«»: 


n< 


:■(,! 


>m 


,M> 


* 


9.25 
9,75 


18.3 


3.00 
1.00 


18.5 



TABLE Pis 








ATRAZINE SOIL MOISTURE/TEMP. DATA S#-S6 






















1986 - SOIL MOISTURE/TEMP, 
















Time 


Depth 




PI 




P2 


Moist. 


P3 

Temp, 


N3 




TB 


-3 




Moist.* 


Temp. 


Moist. 


Temp. 


Moist. 


Temp. 


Moist, 


Temp. 










Aug. 


U 


ISsOO 




9.60 
9.75 


21.7 


9.50 
9.50 


19.4 


9.50 

9.50 


17J 


■ . - 


m 


- 


- 


Sept. 


3 


13:00 




9.50 
9.70 


16.6 


6.50 
8.50 


15.6 


5.60 

9.50 


15.6 


^,75 
9.50 


12.2 


3.25 

2.50 


It.l 


Sept. 


IS 


12s30 




9,50 

9.50 


10.6 


9.50 
9.75 


11.1 


9.25 
9.75 


13.9 


9.50 
9.50 


10.6 


8.50 
9.50 


11.1 


Oct. 


10 


1#!30 




9.25 
9.50 


8.3 
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moisture units are relative units on a Delmhorst soil moisture system scale of to 10.0. 



SOIL MOISTURE MEASUREMENT METHODS 

The Deimhorst soil moisture measuring system was used in this study as an indicator of 
the time varying nature of soil moisture levels in the unsaturated zone of the soil 
matrix. Gypsum blocks were buried at depths of 0.3 and 1.0 metres at the locations 
indicated in Figure 'f.lS. These blocks absorb or release moisture as a function of 
available soil moisture. Relative soil moisture is therefore measured by electrical 
conductivity (a function of moisture) within the gypsum block. Each soil has a different 
capacity to hold moisture depending on its texture and structure. 

Meter readings can be converted to total potential reserve, (i.e., remaining water which 
is available) or suction required to draw the moisture from the soil. The device is 
designed to guide farmers in determining the best time to irrigate. 

The attached figures were taken from the instrument manual and provide a conversion 
from meter reading to moisture tension and percentage of water used. 

Soil specific studies are required on each soil type in order to convert these values to 
absolute soil moisture values. This was not done in this study since that level of detail 
was not necessary. 
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APPENDIX G 



BEST liaNAGEIiENT PRACTICE OEFINITIOMS 



WORKING iEFINITIONS OF CANDIDATE BMPs 



Nonstryctyral m easy res 

1. flo=tillage - A method ©f planting crops that involves no 
seedbed preparation other than opening the soil for the 
purpose oi placing the seed at the intended depth. This 
ysually involves openini a small slit or pynching a hole 
into the soil. There is usually no cultivation during crop 
production. Chemical weed control is normally used. Also 
referred to as slot planting or gero tillaie. Soil surface 
is ienerally protected by crop residues or sod. 

2. Conservation tillafe - Any tillaie system which reduces loss 
of soil and water coiipared to unridged clean tillage. 
Reduction of soil and water loss is aceoiiplished in nest 
cases by reducing the entent of tillage and by protecting 
the surface with crop residues. Weasures which may be 
considered conservation tillage include: 

al tili^plaiitini - No preplant tillage is 
performed. Tillage is perforned at time of 
planting with a t i 1 1-planter . With this.systemi 
wide sweep and trash bars clear a strip over the 

old row, and a narrow planter shO'e opens a seed 
furrow into which seed is dropped. A narrow 
wheel presses the seed into firm soil; covering 
disks place loose soil over the seed. 

b) chisel plowing - This system breaks or loosens 
the soil without inversion. Chisel plows are 

ienerally operated at depths equal to o^r 
slightly deeper than mo Id board pious, usually 8 
to 10 inches. When used in dry soils, chiseling 
loosens the soil and leaves up to two thirds of 
the residue at O'r very near the surface. 

c3 disking - «ccompiished by on implement called a 
disk harrow, disking can be used to perform 
primary or secondary tillage. Disk blades vary 
in si^e up to 3Q inches in diameter, and each 
pass of a disk incorporates at least 30%: to 7i% 
of the plant residues. Disking permits 
incorporation of surf oee-appi ied nutrients and 
herbicides. 

3. Contour fa ruing - Conductifif field operations, such as 
plowing. planting, cultivatinf, and harvesting, on the 
natural field contour. Due to its ineffectiveness on long 



or steep sioipes# coo touring is olten coinbiiied with strip 
croppipf or terracing. Used in areas of 2-8% slope. 

Graded rows - Hhere poor drainage or the likelihood of 
severe storms are a problem,, rows on a slight gradient may 

be used rather than conto'Uring to prevent breaking over of 
rO'Us . 

Contour strip cropping - The practice of growing crops in 

comparativelF narroiy strips of land on which the farming 
operations are per formed on the contour. Strips of grass, 

close froying crops, or fallow are alternated with 
cultivated crops. Contour strip cropping iimplies both 
contouring and crop ro'tation. 

Spring plowing - Delayed tillage froro fail to spring can 
reduce soil erosion losses. Soil porosity at planting time 
is enhanced by spring tillaiei and eMposure of disturbed 
soil to wind, thaw runoff, and early spring rains is 

miniBized . 

Sod-based rotation - The inclusion of broadcast grass or 

legumes in the temporal crop rotation for en agricultural 
iield. k typical rotation has been a few years of row 

crops* followed by one year of snail grain* followed by at 
least three years of a sod crop such as alfalfa, followed 

again by rO'W crops. Eun^off and sedioent loss is 
substantially reduced durinf the sod years. 

Winter cover crop - k close growing crop grown priiiarily for 
the purpose of protecting and improving soil between periods 

of regular crop production. k typical situation is a cover 

crop folloiwinf corn silage o^n soyibean harvest, if the crop 
leaves insufficient residue to protect the soil against 
e r o s i O' n . 



f. Permanent meadow - Topography -or soil conditions may result 
in situations where other aanageroent practices are 
ineflective or too costly. In such cases coi .version to 

permanent pieadou may be the only solution. 

10, nechanical cultivation - Use of mechanical weeding devices . 
This practice reduces the need for herbicides. but results 
in disruption of land surface and dislodging of soil. This 
alternative represents an increase in cultivation from 
c on vent i ona I practices. 

11. Crop rotation - The growing of different crops in recurring 
succession on ttie sanie land. Rotations offer advantages for 
erosion, festicide. «nd nytrient control. Peep rooted crops 
and crops uith low nitrogen needs should be incli'ded in the 
rotation. 



Structyral reeasyres 

1. Terraces - Embankments or corabiii,ii,t ions O'f embankments and 
chaimeis contructed across a slO'pe to co'ntrol erO'Sion by 
diverting or storing syrface runofl instead of permit ting it 
to flow unioterry pt ed down t'he slope. Excess water is 
removed slouly irom the field thro'yfh nearly-level terrace 
cliannels toi grassed outlets o<r is removed throygb a syb- 
syrface drain. Eroded soil within the terrace interval 
accymylates in the terrace channel where more than 80% ol it 
renains . 

f» Diversions - Channels Hith ridges on their lower sides, 
constructed across the slope* lor the pyrpose of diverting 
water from areas uhere it is in eKcess to sites Mhere it can 

be used or disposed ol 'saleiy. 

3. Grassed waterways - natural or constructed yateruayst 
usually broad and shallow covered with erosion-resistant 

grassesi used to conduct surface water lro^m cropland. 

*♦. Filter strips - Strips of pernanent vegetatiO'n o,bo^ve farm, 
ponds f diversion terraces, and other st rue tyres to retard 

flow of runoff water* resulting in deposition of transported 

naterial . 

5. Tile drainage - Removal of encess surface water or 
groundyater Iroin land .by means of surface or subsurlace 
drains . 

6. Retention basins - Localized depresiions uhich serve as 
storage and settling areas for storti runoff . 



Inpyt panaqement Opt ions 

1* Improve soil fertility - Improving soil fertility increases 
crop yields and redyees soil erosion. Eeduction in erosion 
is attributed to improved crop canopy, increased uater use 
efficiency by plants, and the availability of more residue 
for soil pro t ec t ion. 

2. Eliminate ettcess applications of nutrients or pesticides - 
Fertilizer and pesticide inputs into crop production should 
not eicceed that needed lor plant nutrient yptake and pest 
control. Fertilizer rates should be based on crop nutrient 
budgets which accouiit lor green lefynes and nanurial sources 
ol plant nutrients. 

3. Optimize timing of planting and chenical application - The 
least loss ol nutrients Iron a field occurs when fertilizer 



is applied as close to time of ytilization by the crop as 
possible. Likeuisep carefyl timing of pesticide applicatioii 
reduces the possibility of pesticide ryiioll. Thys the 
relative tiroes of planting and chemical application can 
inilyeiice the yptake, effectiveness, and rynolf of the 
applied chemicals. Houever. in Iowa a relo,tively narroiwi 
range exists for economic row— crop planting times. 

Controlling release and chemical transformations - Hethods 

of controlling the rate of release of nitrogen inclyde Co) 
nitrification inhibitors, (b) coatings to retard the 
hydrolysis of urea to M:H4-M and Cc) inhibition of yrease 
activity in soil. Selection of chemicals uith favorable 
half-life and adsorption properties is inclyded in this 
option , 

Biological control - Included in biological uanageioent 
measures ares Ca) use of pest resistant strains of crop and 
Cb) utilization of natural enenies ©f a pest lor control 

C predators f. disease). 



Incorporation of applied chemicals - Fertilizers or 
pesticides are applied to the land surface* and tillage is 
performed to incorporate the chemicals into the soil. In 
some cases, incorporation is performed by the application 

equip:ra,ent . 



APPENDIX H 

HSPP UTILITY MODULES 
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3 D.DOD D.anc C.OaiC O.OOO coon u.DOD D.OOiD 0.000 01.002 01.171 O-QOO '0.000 
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17.09 


IS 


'32.30 


:4.e7 


13.i43 


12.40 


11. 4? 


19 


155 .56 


98.21 


'20.93 


iS.?« 


17.33 


2D 


'58.49 


15.92 


1S..11 


14,25: 


13.47 


21 


47.67 


'12.70 


12 . 13 


11.64 


11.19 


Z2 


41.69 


la.ei 


10 . 51 


1D.2S 


ID.M 


23 


37,54 


9. '79 


9.49 


9.20 


'9'. OS. 


24 


34.48 


ai.iB2 


3.49 


£.37 


.5.41 


2S 


32-% 


8.27 


a. 16 


6.22 


B.29 


2t 


^'-45 


3.24. 


a. 19 


B.iu 


e . ID 


27 


31. C7 


8.DI7 


7.ias 


7.72 


7.40 


2S 


27' .,53 


7:24 


7.iy3 


6.74 


4. '52 


29 


26.02 


4.54 


4. .48 


4.44. 


4.32 


X 


25i.'?l 


4.50 


4.49 


4.43 


4.4a 


31 


m.m 


4.52 


4.47 


4.41 


6,53 


(sm-t SLJ^ 


: i.I3l'^e+03 











4 iHR Pe.si. '^m.d%imy, SIM HI 
SJTHWY FOR fimTn 1904/ 2/ 
DATA lislTE^ttLi- MDI m^6 



w 


'mn 




iiNicwy^, 


MJflK 






t 


2 


3 


4 


I 


. 25.19 


6.» 


4. .50 


4.44 


S.7D 


2 


24. 3B 


5.23 


5.40 


4.^ 


7.17 


a 


24.73 


6.49 


4.40 


4.47 


4.74 


A 


7A 4n 


4.70 


4.48 


6.69 


4. a 



7 


27.05 


6.97 


6:75 


6,7'C 


6.64 


fi 


25.43 


h.m 


6.32 


6.30 


6.33 


'W 


24.,Bfe 


4.21 


6.15 


6.22 


6.25 


ID 


24.59 


t.27 


6.12 


6.12 


6.C9 


J. i. 


23.32 


6.03 


5.79' 


5. '74 


5.75 


12 


22.54 


3. an 


5.53 


5.32 


5.64 


13 


22. D3 


5.42 


5.52 


5,45 


5.44 


14 


21.29 


B.m 


5. '27 


3.33 


5.4] 


15 


ie.'44 


5.11 


4.66 


4.42 


4. '25 


It 


15. TO 


4.09 


3.97 


3.8:7 


3.97 


17 


1&.56: 


3. '97 


3. '91 


4.. 013 


4.71 


13 


■25. 76 


4.71 


4.54 


6. 75 


9.53 


19 


67.54 


11.41 


33.63 


20.13 


-22.37 


2D 


68.73 


2D, 03 


17. az 


16.12 


14.77 


21 


'54 . u4 . 


13.33. 


12.03 


13.33 


15.33 


3 


46.11 


13.72 


12.40 


11.41 


13. S7 


23 


36.. 46 


9.89 


9.32 


a:-.B5 


B.42 


24 


31. '3? 


a. 01 


7.66 


7.73 


3.19 


S 


3D. 03 


7.. SB 


7. 52 


7.24 


7.4C 


26 


27.57 


7.27 


6.98. 


6.75 


h.'sa 


27' 


24. 8u 


6.44 


6.23 


6. ID 


6.i34 


a 


23.. 36. 


5.97 


5,65 


5.7B 


5. '75 


MONTH an 


= 8.feail6ae+C2 











6 -S =9.5 1. _:s=*.C3P!), 3JH Kl 
Siftvmr -0= '*'0\~H 1936/ 3/ 
D^.*.A lNTESv4u: 36y MI.^E 



QA^ 


aji 




Ih'-zR^fiL 


ifiJ-^R 






- 


2 


J 


t 


1 


3u.'99 ' 


S.^ 


3.68 


7.83 


11.75 


2 


49.14 


10.52 


9. 70 


13.25 


15.47 


3 


6B.33 


14.06. 


12. S&. 


20.75 


20.41 


4 


71.90 


11.61 


:6.'9G 


17.71 


15.66 


5 


S3. 74 


14.. as 


15.50 


24.22 


25.16 


6 


97.42 


22.91 


2D. 91 


21.59 


3. 07 


7 


83.68 


If.TBi 


17. 7D 


2Z:33 


25.67 


e 


94.57 


"3 -.01 


23.77 


24.31 


26.49 


9 


86. 7S 


23.40 


21.2a. 


21.43 


20.44 


10 


216.42 


18,19 


16. 9C 


28. OB 


1S2.45 


11 


130.30 


44. .S4 


39.60 


34.95 


3C.9i 


12' 


95.42 


27,55. 


'24.96 


3.59 


23.31 


13 


64.41 


1.8.35 


16.46 


15.26 


14 . 14 


U 


51.14 


13.22 


12.43 


12.95. 


:-'.'53 


15 


43.41 


11.69 


11.03 


10: .,53 


10.16 


16 


36.49 


9.79 


9.3C 


a. a. 


a. 56 


17 


33.56 


6.34 


7,97 


8.72 


a. 54.. 


le 


31.09 


8.04 


7.61 


7.52 


7.92 


i^ 


129.56 


59.43 


24.36 


23.74 


22. Di 


20 


69.41 


30.11 


la.s 


14.40 


14. .88 


21 


4a. 12 


13.56 


12.43 


11.47 


10 ..64 


22 


36.44 


'f.'fS 


9.34 


a.ai 


e.s 



I 

I 



Th 




22'. 33 


5.32 


.3. 2D: 


5.24 


6. '56 


27 




29.29 


i.07 


7.46 


7,001 


6.56 


2Q 




23.33 


6..23 


5.94 


5.fe9 


5.47 


29 




20.16 


5.2S 


5.11 


4.% 


4.83 


30 




IB. 17 


4.7D' 


4.5? 


4.49 


4, .39 


31 




16.74 


4.31 


L.ZZ 


4 ., 14 


4.07 


IMONTH 


aril 


l.S72/it+03 











DAY 



an 



6 HR Pest.. Loads (Oil). STN' fSil 

aiTlARY ¥m MOfvTn 1966./ 4/ 

DATA IlNTEKUflL- 360 mm 

.INTEHVAL 'MflBBB 
2 3 4 



MONTT-i 



i 


IS .68 


4.00 


3.W 


3.S6 


3.89 


* 


li.68 


4.08 


3..9B: 


3.66 


3.76 


1 


14,.,:3D 


3.6ai 


3.^1 


3.54 


3..4B 


* 


13.52 


3,44 


3.41 


3.36 


3.31 


f 


21,^ 


5.25i 


4.35 


4.39 


.6.57 


:& 


24.15 


6.79' 


6.26 


3.75. 


3.34 


-P 


18.39 


5. DO 


4.7::, 


4.45 


4. '23 


3 


15.301 


l.iOS 


3.B9 


3.74 


3.62 


<? 


13.44 


3. Si 


3.4D 


3,31 


3.S 


10 


12. S 


3.13 


3,06 


3.04 


2.96 


11 


11.35 


2. '92 


2.'Bfe 


2.81 


2.76 


12 


10.^ 


2.71 


2.67 


2.64 


2.63' 


13 


10.15 . 


2 ,39 


2.56 


2.32 


2.49 


14 


9.64 


2.46 


2.42 


2.39 


".'36 


15 


lA.lD 


3.25 


4.80 


4.S 


3.SG 


16 


'27.Gi7 


4.39 


6. 65 


S.3D. 


7,33 


17 


S.9S 


6.54 


5,^ 


5., 44 


5,04 


IS 


i7.:oe 


4.6f 


4.^ 


4.12 


3. 90 


19 


13.94 


3.71 


3.m 


3.40 


3. 26 


20 


52.01 


3.17 


3.07 


7.30i 


38.. 47 


21 


196.76 


57.04 


47.37 


m.m 


42.54 


22 


100.48 


31. B3 


26.44 


m.m 


19. 5f 


23 


57.76 


17,201 


15-19 


13.43 


11.94 


2^ 


37.03 


10.70 


9.64 


a.-ra 


7.95^ 


2S 


m.i04 


i.m 


6.72 


6. '23. 


5.7f 


2& 


19'. B4 


5.42 


5.09 


4.80 


L..m 


27 


16.14 


4 . 31 


4.11 


3. '93. 


3.77 


28 


13.79 


3.63 


3.50 


3.38 


3.^ 


29 


12.22 


3.13 


3.03 


3,01 


2.95 


ID 


11.12 


2.ffl 


2.ai 


2.74 


2.. 69 


T-i an 


: 8i.46157e+02 











I 



6 HR P^i. LoadsCOl). STN HI 

BJmmr for mwth i'9a6/ 5/ 

IDATA imEm»L^ 3M1 MIINB. 



1 


14.54 


2.43 


3.50" 


4.44 


3.97 


z 


12 .,25 


3.31 


3.15 


2.89 


2.71 


3 


9.7'B 


2.58 


2.48 


2.40 


2.33 


4 


a.iBZ 


2.28 


2.23 


2.18 


■ 2.14 


S 


6.13 


2.10 


2.04 


2.03 


1.99 


L 


2&.17 


i.m 


l,f3 


7.31 


14.97 


7 


64,28 


ia.02 


17.44 


14.21 


14.39 


S 


41.40 


12. Sf 


ID.% 


9. '54 


B.31 


f 


24.2Di 


7.25. 


4.34 


5.41 


4.97 


10 


15.2fe 


4.43 


3. 98 


3. '59 


3. '24 


\\ 


ID.M 


2.fB 


2.74 


2.54 


2.37 


12 


B.17 


i.-m 


z.m 


1.9B 


l.BS. 


13 


4.75 


1.80 


1.72 


1.45 


1.58 


14 


5.84 


1.53; 


1.4B 


1.43 


1.42 


15 


5.49 


1..43 


1.39 


l.S 


1.3i 


16 


21.88 


1.54 


4.11 


4,ei 


9.43 


17 


m.m 


10,15 


f.40 


8.43 


7.41 


IB 


32'. iK 


4,47 


S.ffi 


5.14 


15.18 


19 


S1.D4 


34. '54. 


Ti.OS 


94.29 


74.14 


2D 


449.40 


'59.14 


74.IB4 


147.44 


1^.77 


21 


372.24 


123. "ra. 


98.89 


SI. 54 


46.07 


22 


lai.TD 


57.43 


48.50 


4U.95 


34,.,qZ 


23 


1ER.5C 


32.15 


30. K 


25.42 


21. '05. 


24 


57.70 


17.74 


15.17 


13.10 


11 ..40 


25 


34.14 


10.20 


6.98 


7.94 


7.D3. 


m 


21.44 


4. '29 


5.44 


5.09 


4.4j 


# 


14.87 


4.2n 


3. as 


■ 3.54 


3.'Z6 


. '^ 


M.re 


3.u4 


2.34 


2.44 


2.31 


■ m 


B.7? 


2.37 


Z.Tb 


2.14 


2. 04 


» 


7.34 


1.95 


1 .87 


1.79 


1.73 


31 


4.3f 


i.47 


1.^ 


1.57 


1.53 


MONTK ajM, 

i 


: i.93D31e+03 











4 :i4? P'Mt. LaadstSM')'. STN Nl 
SJTIARY FOR' 'MONTH, 191%/ 4/ 
DATA INTEFWrt-: 340 HIf*E 



i«f 'ar, I INTERNAL NUrCEH' 

t 2 3 4 

1 5.73 

2 5.23 

3 4.33 

4 4.5u 

5 4. '301 

4 4.oe 

7 3.74 

e 3.^ 

9 3.31 

iO 3.12 

11 7.79 

12 1444. 7B 



1.49 


1.45 


1.41 


1.36 


1,35 


1.32 


1.29 


1.27 


1.24 


i.22 


1.2E 


1 . 16 


1.15 


1 . 13 


l.li 


1.10 


i.oa. 


1,!D4 


l.DS 


i.y7 


1.05 


1.D3 


1.01 


O1.99 


0,9? 


D.9S 


0.93 


0.92 


z.m 


D.OT' 


0.B7 


0.84 


Q.as 


0.83 


0.82 


0.81 


O.BQ 


0.79 


0.77' 


0.74 


0."^ 


0,74 


1.13 


5.17 


421. 40 


^5.09 


2W.SB 


219.94 


17^ -74 


XiyL "TO 


120.75 


100.45 



i 

i 



Ih 


.112.% 


24„^D 


21 .50 


21.46 


45.09 


17 


148.27 


47.07 


39.60 


■33.30 


23. ly 


:e 


Tf.ee 


24.24 


21.33 


IB. 44 


15.158 


19 


44 .75 


13.69 


11.63 


10.28 


B.% 


2a 


26.00 


7,62' 


6.m 


4. 02 


5.31 


2i 


15. f 3 


4.70 


4.17 


3.72 


3.34 


22 


12.21 


3.00 


2.72 


2.47 


4.02 


Z3 


37.74 


7.80 


9.86 


10.28 


9.83 


24 


47.03 


9.61 


12. S 


12.96 


12.:23 


• 25 


36.43 


10.99 


9.47 


,B.44 


7.33 


2& 


20.^7 


fe.37' 


5.54 


4.83 


4.'Z? 


27 


87.91 


3.. 71 


4.01 


31.82' 


44. a 


2S 


132.50 


41.55 


:b.i7 


29.73 


24.05 


29 


72.19 


22.52 


19.23 


14.40 


14.03 


3n 


39. 17 


12.:04 


13.39' 


9. '97 


7.74 




i 3.36419»+u3 











4 m. Fest. LraosfSl). STO Nl 
3J^i«Y Wm MONml 1984/ 7/ 
DW'A I-vT^WL: 34D '^IXS 



im 


'ar 




imkjiv^ 


MPK^' 






■i 


2 


3 


L 


1 


s.:2Q 


4.73 


5.. 84 


5.12 


4.49 


2 


13,33 


3.95 


3.50 


3.11 


2. '77' 


3 


6.42 


2.49 


2. '24 


2.-3 


i.ffii 


4 


4.05. 


1.70 


1.54 


1.45 


1,^. 


5 


4. '5a 


1.24. 


1 . 16 


l.il 


l.DA 


4 


3.4fli 


u.'99 


□ .94 


u.'fO 


a.B4, 


7 


3. 14 


Di.B3 


o..Ba 


0,77 


0.75 


a 


2.7B' 


y.72 


D.'TD!. 


0,431 


0,47 


9 


2.52 


C , 45 


G..44 


0.,42 


0.41 


ID 


2.31 


D.i40 


D.5B 


0.57 


u.Bh 


11 


2.3 


c.ss 


0:54 


0..53 


0.4C 


12 


S.24 


4.51 


9. Si 


10.04 


9.12 


13 


'25.59 


7.90 


4.9y 


%.m 


4.% 


14 


14.02' 


4.21 


4.K 


4,:ci 


3,74 


15 


11,57 


3.39 


3.04 


2.71 


2.42 


14 


89.48 


3.22 


24,43 


31. -W' 


m.23 


17 


74.41 


24. S 


20.. 44, 


17.13 


14.47 


13 


107.39' 


12.37 


10.53 


9.24 


75.49 


19 


443.36 


236.48. 


liS.S 


78.36 


.4u:.77 


20 


233.54 


77', 91 


49 m 


50. '>t 


4D.33 


21 


132.^' 


32.92 


27.25 


22.63 


19.31 


22 


55.14 


14.43 


14. 77 


12.78 


11.04 


23 


31.31 


9. '54 


B.27 


7.21 


4.'30 


24 


10.42 


5. '52 


4.85 


4.'Z7 


3.7S 


25 


17.98 


3.S 


2.99' 


2.. 47 


e.94 


& 


¥22.04 


4,92'. ro 


211 .42 


124,. 14 


'93... 42 


» 


232.48 


75.^. 


42.17 


51.93 


43. S 


W 


IS. 79 


36.13 


m.m 


24.04 


33.. '24 


29 


97.56 


31.58. 


'24.13 


21.44. 


ie.'20 



MONTH 



sm 






h H? Pest. Loads '(tail), 'STN Nl 
■SJIMARY FOR MONTH 1986,/ 8/ 
DATA IfJTEHVflLi 360 Him 



DAY 


SJM 




imkHS/M. 


MJ«« 






* 


2 


3 


4 


I 


17-3: 


BAB 


4.,5fe. 


4.02 


3.35 


2 


11. 7L 


3. IS 


2.81 


2.59 


3.19 


3 


13,55 


3.61 


■3. 56 


3.3B 


3. 05 


A 


9.43 


2.7S 


2, .47 


2.3 


1.9f 


■1 


6.45 


l.K 


1.43 


1 .51 


1.31 


.4 


t.=?fe 


1..4D 


1.29 


1 . 15. 


1.IQ9 


7 


37.51 


i . iJ.3 


1,46. 


S.'f3 


29.05 


e 


252.91 


32^.59 


2i..59 


su.az 


14D.f2 


^ 


3aC.9i 


1:02.73. 


ao-'os 


44,92 


■53.23 


10 


135.^ 


44.13 


36.93 


3: . 16 


■26.33 


i A. 


71.2: 


22 2£ 


16.91 


14. 14 


13.89 


12 


39.29 


1 1 . 93 


ic.3e 


9.03 


7.91 


13 


23.42 


7.-1 


6.ia 


5.43 


4.^ 


14 


14.39 


4.24 


3.77 


3.34 


3.02 


15 


■9.4E 


2.72 


2,47 


2.24 


2.05 


16 


6.73 


i.ea 


1.74 


1.61 


l.SDi 


17 


5 . 1.4 


1.4: 


1.32 


1.^24 


1 . 19 


18 


4 . 17 


1.12 


1.S4 


1 , L^ 


a. 97 


19 


3.53 


[1.93 


D . 9ij 


D.IB6 


0.94 


■20 


3.11 


D.Sl 


0.79 


0.74 


0.74 


21 


2.ec: 


□ .73 


D.71 


D.49 


0.45 


■22 


2.57 


Z.hh 


G.65. 


.0.44 


0.62 


23 


4.24 


C.61 


D.61 


■1 .27 


1.76 


24 


7. ID 


1.S9 


l.&y 


1.74 


1.41 


■25 


5.13 


1,.47 


1.14. 


1 .''7 


■ . 12 


2b 


4.41 


1.03 


Q:.95. 


1.01 


1.43 


27 


t.33 


1..75 


1„72 


1.60: 


1 ..46 


m 


4.,t4 


: .32 


1.2S 


■ l.lD 


1.02 


Tr 


3,43 


0.^ 


C.85 


0.82 


o."re 


30 


2.75 


2.74 


2.73 


Q..67 


n.4S. 


31 


2.38 


;0.62' 


Oi.6u 


o.se 


0.57 


i'lCMTH 3J1 


: 1 . 2l9E6e*C3 











DAY 



BM 



1 


2.13 


0:S5 


2 


l.'fSi 


O.SQ 


3 


l.ffi 


0.47 


4 


1.71 


0.44 



4 rfi .Pesi. _,3ads.{GMl, 5TN Nl 
'SJnARY iPOR nONTh 1986/ ■9,/ 
DATA IhrrraVAL- ■360 rilh6. 
INTERVAL iNLPBER' 

t a 4. 

01.54 0.^' D..51 

0.49 D.4a 0.47 

0.44 0.45 D.M 

0.43 D.42 0.42 



I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



MCWTH 



OAY 



m 


i. .31 


t. , ^ / 


U.JO 


. ' . J' ' 


■U . ^ ^ 


T 


1.42 


0..36. 


C.36 


0.35 


0.35. 


S 


1.34 


D.34 


D.34 


C.33 


0.33 


f 


1.26 


D.32 


C.32 


0.31 


0.31 


10 


IBOI.IS 


n.30 


0.69 


99.64 


79.52 


• 1 


24n . 89 


74. B4 


62.00 


56,. 02 


46.03 


12 


:'95.52 


39.80 


53.86 


44.41 


37.45 


13 


101.46 


31.50 


26.33 


23.11 


20.02 


U 


57, le 


17.29 


15.03 


13.22 


11,64 


15 


4D.24 


10.20 


9.24 


10.47 


10.33 


16 


2^.02 


a.,B4 


7.56 


6.66 


5.94 


17 


IS. 42 


5.32 


4.79 


4.34 


3.96 


:b 


12.79 


3.61 


3.31 


3.05 


2.ffi 


19 


9,40; 


2.61 


2.42 


2.26 


2.12 


2D 


e.ei 


2.19 


2.37 


2.2: 


2.05 


21 


6.94 


i.TC 


1.7B 


1.67 


i.se 


22 


12.36, 


1.51 


2.51 


4.18 


4.16 


23 


14.50 


3.64 


3.9B 


3.54 


3.14 


24 


"?.i9 


z.ai 


2.56 


2.^ 


2.18 


25 


7.32 


2.C2 


1.8Q, 


1.76 


1.66 


z& 


s.e? 


1.56 


1.48 


1.45 


1.39 


27 


5. '56 


1,34 


1.40 


1.44 


1.40. 


28 


S.DB 


1.;^ 


1.30 


1.24 


1.19 


29 


37.25 


1.28 


5.22 


13.79 


16.96 


30 


2C7.44 


73.43 


44.56 


45.46 


36.94 


■H 3JM 
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2 3 4 



1 


116.24 


33.61 


301.32 


27.38 


26.93 


2 


66.47 


26.66 


22.75 


19. 55 


17.51 


3 


65.90 


15.95 


14.55 


IB. 46 


16. 94 


4 


54.^ 


14.04 


12.46 


15.21 


12. '98 


S 


41.53 


11.23 


10.13 


9.27 


10.90 


6 


50.69 


14 . 13 


13,51 


12.10 


10.95 


7 


^.S2 


10.03 


9.22 


8.47 


7.60 


a 


31.43 


7.22 


7.K 


8.99 


7.67 


9 


22.12 


6.63 


S.&7 


3.1G 


4.71 


10 


16.12 


4.40 


4 . 14 


3.90 


3.68 


11 


12.93 


3.49 


3.31 


3.14 


2.99 


12 


10. '99 


2.86 


2."^ 


2.61 


2.79 


13 


79.29 


17.29 


25.59 


19.86 


16,54 


14 


197.56 


64.'58i 


56.60 


&1.24 


35.15 


15 


llCB.13 


31. C9 


27.^ 


24.54 


21.87 


lb 


67.40 


19.63 


17,62 


IS.ffi 


14.^ 


17 


44.ffi 


12.95 


11. 'TD 


10. se 


9.S9 


16 


30.74 


8.75 


7.99 


7.31 


6.69 


19 


. 21. 9B 


6,17 


5.69 


5.26 


4.86 


20 


16.33 


4.^ 


4.21 


3.93 


3.67 



£.£. 


iU.yiT 


i. . ■'.■ 


-. .DO 


. .fc'3 


^ . .•■ j 


23 
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2.23 


2.13 


2.C3 


1.95 


2i 


7.07 


1.87 


l.SD 


1.73 


1.4=7 


25 


6.13 


1.4.1 


1.5t 


1.51 


1.4& 


Ih 


5.41 


1.43 


1.37 


1.33, 


1.3D 


21 


32.55 


1,26 


1.74 


9.87 


19. m 


2B 


55,38. 


17.11 


14.56 


12. i3. 


U.iD^ 


2? 


33. D3 


9.77 


S.&:9 


7.71 


6.iB6 


33 


21. uu 
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4.44 


31 


14.10:1 


4.D2 


3.45 


3.32 


3.03 
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2 3 4 
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IC.% 


2.7S 


2.56 


2.36 


3.:27 


2 
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5.63 


4.95 


4.20 


3.67 


3 


11.49 


J . 2a 


2.96 


2.fc9 


2.57 


4 


'?.f3 


2.36 


2.73. 


2.31 


2.33 


5 
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l.£3 


1.69 


1.55 


1.49 


& 


5.27 


1 .41 


1.34 


1.'23 


1.23 


7 


4.48 


i.ii 


1.14 


l.lu 


l.'D6. 


a 
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1.67 


1 .ffi. 


1.63 


9 


5.2f 


1.44 


1.30 


1 ,21 


1.13 


ID 


4.04 


i.ra 


:.C3 


0.93 


3. '95 


11 


3.50 


.C.92 


0.39 


O.M 


0,64 


12 


3.^ 


D.a3 


D.B4. 


o.ei 


O.'TB 


13 


2. 93 


a. 76 


. 74 


0.72 


3.71 


14 


2.71 


".73^ 


0.68 


0.67 


3,66 


15 


2.55 


D.65 


0.64 


3.. 63 


a.. 62 


X& 


2.3f 


Z.&l 


3.. 60 


3.5? 


D.5B 


17 


2.28 


Q.SB 


U.S7 


0.56 


CM 


16 


2.M 


2.60 


0...69' 


.0..69 


0I..65 


19 


2.27 


3.61 


Oi.se 


u.a. 


D,U 


2D 


2.04 


D,33 


D..S1 


3.'^ 


3.50 


21 


2.02' 


0.49 


0.48 


0.53 


0.56 


22 


2.44 


0..63 


0.63 


:..60 


0.56 


23 


1.95 


O.^' 


D.49 


3,47 


0.46, 


24 


2.02 


D.45 


u.m 


z.m 


0.52 


25 


i.m 


3.49 


0.46, 


0.44 


0.43 


2& 


iB2.fl7 


n.4Z 
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22\.7I 


54.62 


27 


&3.79 


22,82 


16.15 


13.37 


11,45 


38' 


32. ai 


9.91 


a. 65 


7.^ 


6.67 


29 


If. 70 


5.87 


5.17 


4. '56 


4. 07 


30 


12.47 


3.64 


2.26 


2.93 


2.64 
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4 ¥K Pest. LoadstW),. STN Nl 

arWWRY FOR iHONTH 1,986,./ 12/ 



DAY 



3Ln 



2 3 4 



1 


a .41 


2.39 


2.17 


2.nn 


1.64 


2 


21. ZD 


1.69 


1 .55 


7.76 


ID. 20 


3 


27.16, 


7.63 


6.ai 


6.49 


6.21 


<4 


17.91 


5.79 


4.^. 


3.91 


3.26 


5 


f.55 


2.,B2 


2.49 


2,23 


2. 01 


h 


6.42 


1.B3 


1.67 


1.53 


1.41 


7 


4.71 


1.31 


1.22 


1 . 13 


I.IEB 


a 


3.53 


0.98. 


0.92 


D.87 


D.iBZ 


9 


z.asi 


D.77 


0.74 


0.70 


iu.67 


ID 


4.99 


u.Sl 


^1.16 


1.46 


1.57 


11 


4.a2' 


1 .65 


1.67 


1.74 


1.76 


12 


7.28 


1.78. 


1.32 


1.06 


i.ai 


13 


6.BC 


i.m 


1.7D, 


1.64 


1.63. 


U 


6,87 


1.64 


1.61 


1.74 


1-67 


15 


6.21 


1.97 


2.Q4 


2.07 


2.12 


1£> 


?.if 


2.15 


2.12 


2.43 


2.99 


17 


11. ae 


3.. 10 


3.02 


2.92 


2. 84 


IB 


39'.14 


3.14 


12. ■79' 


I!.31 


9.9G 


19 


33.37 


9.4S; 


£.67 


7.91 


7.31 


23 


24. :7 


6.6? 


6. 2D 


3.ai 


5.. .46 


21 


IB. 87 


5 . OB 


4.7i 


4.:33 


4.11 


•CNTH ajM 


2.7?e90e+02 











6 m Pest. 



(;31,), S~IM Nl 



DAY 

1 
2 
3 
4 

5 

6 
7 

a 

9 

ID 

11 

:2 

13 

14 
15 

16 

17 

IS: 
If 

20 



jm 

21.04 
M.OO 
30.85 

30'. ■^' 
29.76 

29,40 

m.44 

27.54 

27.19 
27.. 89' 

2B.37 

31 . 16 
29.70 
26.17 

24.06 
43.93 

S2.M 

l'ffi..'56. 
56.69 



mmm. data disp^y^ sj^^y' for =5i,iod s^DI^G. 1956/12 

Fm -^M fim r'AY JiM JLL ALE ,S 



25.19 
'24.36 
26.73 
'26.401 
29.15 



'23. '32 
».'54 
22.33 
21.39' 
18.44 

15. fU 
16. S6 

25.76 
B7,.54 
601.73. 



3C.*« 
.49. 14 
68.31 
71, TO 

83.74 



28.26 87,42 

:z7'..iD5 m.m 

S.43 94,57 

'24 ..86 86. '75 

24.59 216,42 



im.m 

^.42 

.64.41 
'51.14 
43.41 

36.49 

33.56 

31.09' 

129'. 50 

69.61 



15.60 

15. 6B 
14. M 

13.12 
'21. ■^. 

24.15 
ia.39 
15.30 
13. .44 
17.25 

-1.^ 

12. m 

IQI.IS 

9.44 

16.10 

27.07' 
'22.95 
17. OB 
13. '94 
K'.Q'l 



14. '54 

12.25i 

9.78 

B.m 

8.18 

26,17 
66...:28 
41. .40 
24 .—: 
15,26, 



5.73. 
5. 23 
4. 83 
4.301 
4.30 

4. OB 
3.76 

3.m 

3.31 
3. 12 



10.64 7.79 

0.1? 1466. 7B 

6.75 541. B6 

5.86 2'6S.34 

5.. 49 146. 11 

21. aa 1.12.96 

35. '99 148.27' 

32. K 79'. ae 

2B1.'04 44.75, 

469 40 26. DD 



T2.W 

13.33 
B.62 
6.05 
4. '56 



2. '22 
33.24 
25.. '59 

16. C2' 

;i.S7 

89.66 

76.41 

107,39 

463.36, 
233.54 



17.31 

li.74 

13. 'Se 

9.43 

6., 45 



3.68 4.96 

3.14 37'. 51 

2. TO 2^,91 

2.52 33D.94 

2.31 1^.55 



71.21 
^.29 
23.42 
14.39 

9. 48, 

6,73 
5.14 
4.17 
3.53 
3 11 



2.13 
1.95 
1.52' 
1.71 
1..6C 



OCT 
118,24 

aa,.47 

65.90' 
54.72 
41.53 



1.51 50.69 

1..42 35.52 

1.34 31, .43 

1.26 2.12 

130:. 15 ^ 16.12 

241.39 12.93 

195.52 10. '99 

1C1..46. 79.:^ 

57.16 :.97.56 

40.24 105.13 



29. 02 

16.42 

12.79' 

9.40 

a,,.Bi 



67.40 
44. e2 

31. '74 
21 .'98 
16.S: 



10.96 

IB. 45 
11.49 
9.93 

6.,60i 

5.27 

4., 48 
6,24 
5.09 
4.04 

3. '52 
3.26 
2.93 

2.71 
2. '55 

2. 'J? 
2.2B 
2.64 
2.29 
2.04 



DEr 

8.41 
21.20 
27.16 
17.91 

9. '55 

6.42 

4.71 
3.58 

2.ffl 
4. '99 

6.az 

7.2a. 

6.. 83 
6.87 
8.21 

9.69 

11. aa 

39'. 14 

33.37 

24 . 17 



I 

r 



iz. 


M.J, ,Q7 


wo . 1, 1 


JO' . t*e> 


iuu .t*Q 


xaii . tu 


*i .iA 


as. jis 


£. . 3 if 


..1 . .JO 


• ^ . u7 


^ . ig|.'t*. 


^, JW 


23 


37:54 


36.4Bi 


30:.2C 


WJ.lh 


109.50 


37.76 


31.31 


4.24 


'it. 50 


5. 33 


1.9S 


0.00 


24 


34.48 


31.39 


25'. 4t 


37. D3 


57. 70 


47.03 


IS. 42 


7.10 


9.B9 


7.07 


2.02 


D.DO 


■25 


32.% 


30.03 


22.54 


2i.D4 


34.16 


36.43 


1 7, '98 


5,15 


7.32 


6.. 13 


1.B2 


O.QO 


7h 


32.^ 


27'. 57 


22'.33 


19.84 


21.64 


20.97 


922.04 


4.41 


5.89 


5.4! 


82.87 


0.00 


27 


31.07 


24.80 


29.29 


14.14 


14.,B7 


B7.9'l 


232.68 


6.53 


5.53 


'32.55 


63^.79 


D,.DO 


•m 


27.53 


23.36 


23. S 


13. '79 


11.105 


132,50 


IS. 79 


4.64 


S.OB 


55.:3e 


32.81 


D.OID 


"m 


26.02 




20. la 


12. S 


S.l^ 


'72.18 


97. '58 


3.43 


37.25 


33.03 


19.70 


D.OO 


3D 


25.91 




IB. 17 


11.12 


7.34 


39.17 


S2.01 


2.75 


207.44 


21.00 


12.47 


D.OID 


31 


3.93 




16.74 




6.39 




29'. 33 


2. :3a 




14.01 




0.00 


Q! :Sm 


1131. fS. 


64,0,17 


18:72. '73 


646.14 


193D.31 


3384.19 mi2.i5. 


1019. ,85 


122C.B7 


1317.51 


331.02 


279. B9 
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APPENDIX I 
QUALITY ASSURANCE TESTING 



Qyallty Assurance Testing 

In order to ensure that sampling equipment and handling methods were not causing 
contamination or undue decay of atrazine samples, three tests were undertaken early in 
tine study in 1985. The purpose, methods and results of these tests follow. 



Test #1 



Purpose: To determine the likelihood and degree of cross contamination of open 

atrazine water samples within the collection carousel of an ISCO 2100 
automatic sequential sampler. 

Methodi Duplicate sampler bottles were fiUed with organic free water and placed 

in the 2# polypropylene bottle collect ion carousel of an ISCO 2100 
sampler. The bottles were placed in the carousel along with 22 empty 
bottles and were left in place througliout one full sampler cycle which 
lasted ^S hours. The duplicate organic free water aliquots were submitted 
in standard acid washed glass bottles for atrazine analysis to the OMAF 
pesticide laboratory. 

Results: Both samples were reported to have non-detectable levels of atrazine and 

d-ethyl atrazine. 

Conclusion: There Is no significant cross contamination In a static mode in the 
sampler. 



Test #2 



To determine the rate of decay of unpreserved atrazine in water samples 
at room temperature. 



Method: A standard solution of atrazine was prepared in the laboratory using a 

common agricultural grade atrazine mixture in NissoprI Creek water. An 
aliquot of this solution was preserved with dichloro methane at time = 
hours. Duplicate aliquots were placed in ISCO polypropylene bottles and 
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left in an ISCO sampler at room teitiperature for 72 hours. These samples 
were then preserved with dichloromethane. All samples were submitted 
for atrazlrie analysis In standard add washed glass bottles to the OMAF 

pesticides laboratory. 

Resultss The sample which was immediately preserved had an atrazine 

concentration of 12 ug/L of atrazine and no detectable d-ethyl atrazine. 

The samples which were preserved after 71 hours had atrazine 
concentratioos of 11 ug/L and 73 ug/L and no detectable d-ethyl 
atrazine. The average apparent decay rate was 2,55 ug/L over 72 hours or 
about 5% per day. Dr. B. Ripley (OMAF pesticide laboratory) Indicated 
that the dichloromethane preservative can interfere with the atrazine 
determination and therefore some of the apparent d'ecay could be due to 
the preservative. 



Action 

Taken: 



In order to reduce interference and decay, all samples were kept 
refrigerated after collection and delivered to the OMAF pesticide 
laboratory within 48 hours of collection In an unpreserved state. It is 
believed that atrazine decay would be limited to less than 10% using this 
procedure* 



Test #3 



Purpose: To determine the incidence and degree of cross contamlni-don in the ISCO 

2100 ample delivery system. 

Methods An ISCO 2100 sampler delivery system was flushed with organic free 

water for several minutes, A standard atrazine solution was prepared 
using an agricultural grade atrazine mixture in Nlssouri Creek water. 
Duplicate samples of the atrazine soiytion were taken and preserved with 
dichloromethane. Twenty litres of the atrazine solution was pumped 
through the sampler. Duplicate pumped samples were taken at the 
halfway point and again, at the end of the pumping and preserved with 
dichloromethane. The sampler was left for 2% hours and then two litres of 
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organic free water was pumped throygh, the^ sampler into glass sample 
bottles and preserved with dichloromethane. All samples were sybmitted 
in standard acid washed glass bottles to the OMAF pesticides laboratory 
for atrazine analysis, 

Eesults: The original duplicate atrazine solution samples had atrazine 

concentrations of 14 yg/L and no detectable d-ethyl atrazine. The four 
pumped atrazine samples all had atrazine concentrations of 12 ug/L and 
no detectable d-ethyl atrazine. The pumped organic free water had no 

detectable atrazine or d-ethyl atrazine. 

Conclusion: There is no significant carry over of atrazine within the sampler delivery 

system. 



%020.2 



13 



*TbT3bD0D00iSbS* 



